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Abstract
The building and construction industry in most countries is facing increasing
pressure to reduce greenhouse gas (GHG) emissions and related adverse effects.
Buildings consume 40% of the primary energy produced, mostly during the
occupancy phase. It is possible to mitigate this impact by accelerating the uptake
of upgrades, but increasingly stringent building regulations and voluntary
initiatives have not been sufficient to replace obsolete buildings with more efficient
ones. Upgraded buildings can save energy, reduce GHG emissions, and improve
the quality of the built environment.
A review of the specialised literature on building performance identified a focus
on new, high-rise and multi-family buildings. This highlights a lack of studies of
smaller commercial buildings, which represent a significant proportion of the
overall stock. In the US, for instance, buildings with areas less than 50,000 square
feet (approximately 4,650 m2) represent up to 90% of the building stock.
There is a particular gap in knowledge about how to assess the performance of
commercial buildings with an area less than 1,000 m2 in regional centres. These
buildings differ from the typically more modern high-rise commercial buildings in
large cities. This may be related to the fact that, in Australia at least, buildings with
an area less than 1,000 m2 are below the threshold for mandatory disclosure of
building performance, while most certification schemes and mandatory disclosure
tools target larger buildings such as offices, educational buildings and hospitals.
This research targets the buildings below this mandatory disclosure threshold,
here referred to as ‘small commercial and retail buildings’ (SCRB). Since these
buildings are a significant part of the building stock in regional centres, upgrading
them would be beneficial for their stakeholders. This thesis has been undertaken
with the overall aim of understanding the upgrading dynamics in the SCRB sector
in regional centres and identifying potential strategies to increase upgrades.
Exploratory research consisted of reviewing

the

specialised literature,

interviewing stakeholders, and conducting onsite observations in order to
characterise the SCRB sector as a distinct sub-sector in the commercial building
stock. These methodological procedures aimed to highlight the differences and
justify the need for specific assessment methods to evaluate building performance
and benchmarking. A Mixed-Methods Research (MMR) was designed to collect
iv

data from real buildings to address this knowledge gap. This method was piloted,
reviewed and improved before being carried out in the commercial core of Port
Kembla, in Australia. The MMR included desktop surveys, interviews with
stakeholders, walkthrough building audits, and two questionnaire surveys and the
analysis of utility bills. An audit tool was designed to facilitate the collection of
quantitative data. During the audits a Post-Occupancy Survey questionnaire was
completed by participants. The questionnaires collected data such as participant
and business profiles, preferences when choosing a building, the importance of
building assets and systems to the business, as well as comfort and satisfaction
inside the building.
The primary quantitative and qualitative data set collected from 35 premises (or
43 if including the pilot study) and 14 interviewees enabled the researcher to
identify particular characteristics of the SCRB sector. This sample was intended
to be representative of the SCRB sector in the Australian context. The sector is
mainly characterised by commercial use carried out in terraced buildings with
narrow façades and a height of up to four storeys. Residential use of the top storey
is common, resulting in façades with different finishing materials such as brick and
rendered brick. The buildings frequently have shop windows on the ground floor.
Thermal comfort inside these buildings is usually achieved by using electric
devices for cooling and heating. Occupants generally have low levels of
information about energy issues, which results in a misuse of building
functionalities. These characteristics contribute to the overall poor performance of
the buildings in the study area, which is also referred to in this thesis as ‘precinct’.
The identification of inherent characteristics of the SCRB sector demands the
development of a method to collect relevant data about the differences and why
they are important. There is no specific standard to define what a small
commercial building is. However, there is a threshold area from which commercial
buildings are mandated to disclose their energy performance. This enforcement
along with the market and other drivers to retrofit of larger buildings, resulted in a
considerable knowledge about the larger ones while the smaller are largely
overlooked. Therefore, the first outcome of this research was the development of
an MMR design, including a tool for data collection and a guide for auditing
procedures specifically for the SCRB sector. The approach considers the specific
v

occupancies in these buildings, especially the fact that occupants generally do not
have access to information on sustainability and/or energy efficiency (EE), or even
access to resources to implement sustainability and efficiency measures. This
characteristic largely excludes the use of sophisticated equipment to measure the
buildings’ physical properties and the involvement of highly qualified professionals
in the performance evaluation. Consequently, the research design aimed to
develop a low-cost and user-friendly method of assessing sustainability
performance.
The second outcome of this research was the identification of the characteristics
of buildings in this sector based on data collected from real buildings in use. This
process allows the SCRB sector to be differentiated from the typically considered
commercial buildings in the CBDs of large cities.
A third outcome of this research is the establishment of seminal benchmarks
and/or baselines for the five business classes proposed for this sector: Retail,
Offices, Health and Beauty, Food and Services. While not all participants provided
complete documentation, benchmarks for electricity consumption and baselines
for gas and water consumption were established for all five business classes,
along with the profile of waste generation. These seminal benchmarks still need
to be regularly populated with data from those buildings and new ones. While not
as robust as the existing commercial building benchmarks, these benchmarks are
a better representation of the SCRB sector, and they advance knowledge about
this sub-sector in Australian regional centres.
Engagement with participants during fieldwork can be considered as a further
research outcome, though impact was not measured. Each participant received
at least three recommendations of low-cost or no-cost sustainability measures
that could potentially improve their buildings. These suggestions were based on
the characteristics of the building, the type of business and the aspects they
demonstrated concern about.
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1 Introduction
1.1 General research problem
The building sector has the potential to generate a high volume of investment and a
large amount of employment, within a complex supply chain, to satisfy demands of
increasing populations and developing economies (Wu et al. 2016). In Europe, for
instance, building-related activities account for approximately 10% of the European
Union (EU) Gross Domestic Product (GDP) and 8% of direct employment (Renovate
Europe 2018). However, the building sector causes significant environmental impacts
during the building lifecycle, especially during the occupancy phase, which typically
has the most impact in terms of energy consumption and greenhouse gas (GHG)
emissions (Ameen, Mourshed, and Li 2015; Levermore 2008; Ottmar et al. 2014). The
Intergovernmental Panel for Climate Change (IPCC) estimates that buildings account
globally for around 32% of final energy use and 8.8 gigatonnes (Gt) of carbon dioxide
(CO2) (Ottmar et al. 2014) from direct and indirect emissions.
This impact has different importance and magnitude for different countries. In 2014,
41% of the total energy consumption in the United States (US) were consumed in
commercial and residential buildings (Ottmar et al. 2014). In the US, small and
medium-sized commercial buildings represent 95% of the building stock, and 51% of
the total constructed area. These buildings consume 47% of the primary energy used
in the building sector, with 90% of this consumption being due to Heating Ventilation
and Air-Conditioning (HVAC) equipment, lighting and plug loads (Hong et al. 2015). In
the EU, buildings are responsible for 40% of energy consumption and 36% of CO 2
emissions (European Union 2014). In Australia, buildings are responsible for
approximately 19% of total energy consumption and 23% of overall GHG emissions
(Ernst and Young 2015a). Australia has one of the highest carbon emissions per capita
in the world, which makes research on the mitigation of GHG emissions not only
recommended, but also highly necessary.
In the global context the building and construction industry is facing increasing
pressure to reduce GHG emissions through the improvement in the performance of
the built environment (Hamilton et al. 2013; Wang and Zhai 2016). The IPCC predicts
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that by the mid-21st century, the overall building energy consumption is likely to double
and CO2 emissions to increase by 50% in baseline scenarios (Ottmar et al. 2014). It
has been stated that without appropriate action, energy consumption within the
commercial sector will treble by 2050 (Centre for International Economics 2007, p.16).
In response to these scenarios 17 Sustainable Development Goals (SDGs) were
launched by the United Nations (UN) in 2015 (illustrated in Figure 1-1). The SDGs
summarise the UN’s 2030 Agenda for Sustainability Development adopted
unanimously by 193 nations who are now developing actions to pursue the 169 targets
to fight poverty, inequality and climate change.

Figure 1-1 The 17 U.N. Sustainable Development Goals.

Source: United Nations Environment Programme 2015.
The implementation of these UN goals - such as Goal 3 (Good Health and well-being),
Goal 6 (Clean water and sanitation), Goal 7 (Affordable and clean energy), Goal 9
(Industry, innovation and infrastructure), Goal 11 (Sustainable cities and communities),
Goal 12 (Responsible consumption and production) and Goal 13 (Climate action) - are
related to a common physical basis that is the urban environment. Actions to achieve
these goals need to happen at a local level and are often related to buildings and/or
the building stock. Therefore, this worldwide effort to minimise the adverse impacts of
climate change has put the building sector on the sustainability agenda of many
governments as the key sector to curb GHG emissions and reduce energy
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consumption (Ali and Nsairat 2009; Csoknyai et al. 2016; Loga, Stein, and Diefenbach
2016).
Over time, environmental demands have become increasingly stringent, and the
building industry has responded to these requirements by producing ‘sustainable’,
‘green’, ‘smart’ and ’zero energy’ buildings. While these terms are not synonyms, the
overall aim of these higher performing buildings is to optimise resources during
construction and/or occupancy phases resulting in energy savings and CO 2 emissions
reduction. The commonly adopted approach to sustainability in buildings focuses on
energy efficiency (EE) to evaluate building performance and attribute rates, after
comparison against a benchmark. However, the approach and extent of the analyses
that attribute sustainability to these buildings vary in different contexts.
The UN Conference on Human Environment in Stockholm in 1972 is a commonly
identified point of recognition of the importance of environmental management and the
use of assessment and monitoring tools. This was a great advance in terms of
developing the concept of sustainable development (Mebratu 1998). The language
used to refer to the concept, however, is not consistent. The term ‘sustainable
development’ was made popular by the report Our Common Future (World
Commission on Environment and Development 1987), which was also known as the
Brundtland Report. Acselrad (1999) concluded that the level of abstraction present in
the open notion of sustainable development and sustainability fits the purpose of being
in ‘permanent friction to keep the definition broad enough so the consensus around the
term can be long-lasting’ (Acselrad 1999, p. 68). While the notion has a broad scope
at a policy level, it has to be narrowed at an operational level.
Within the corporate world, sustainability is approached in its three dimensions of
ecological sustainability, economic opportunity and social inclusion. This is often
disclosed in the Global Reporting Initiative (GRI), a consolidated platform for
benchmarking well aligned with the UN Objectives of the Millennium (United Nations
Environment Programme 2015; Global Reporting Initiative & UN Global Compact
2017). These three dimensions - environment, economics and equity - are also
referred to by John Elkington (1997) as the Triple Bottom Line (TBL), which he refers
to as people, profit and planet (Elkington 1997). While part of this GRI report includes
the impacts of the activities in the buildings that companies occupy, it is not a building
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performance tool in the sense of this research. From the sustainability perspective,
there are specific factors that must be taken into consideration, all together, in order to
gain the ultimate goal of ‘sustained prosperity’ for the different stakeholders and their
respective priorities. Hence, the optimal solutions regarding retrofits are a trade-off
among a range of energy related and non-energy related factors (Kamari, Corrao, and
Kirkegaard 2017; Mebratu 1998).
This research adopts a sustainability analysis, which, in line with both the TBL and the
Brundtland report (Elkington 1997; World Commission on Environment and
Development 1987), considers social, economic, and environmental factors (Janda
2011; Zuo and Zhao 2014). However, the research approach has to go beyond, and
take into consideration variables that are not easily assessed by a stand-alone
disciplinary method. The combination of two or more disciplinary pieces of knowledge
can reveal new aspects where they overlap, and these are not easily understood by
the approaches of a single discipline. Furthermore, the construction of the meaning of
sustainability should be legitimated by the local community.
This research assumes that the notion of sustainability is intrinsically connected to the
SCRB sector. This meaning should not be the same as that adopted to evaluate and
rate larger commercial buildings. These buildings in the different parts of the
commercial sector have different characteristics, therefore each requires a different
approach. A sustainability retrofit in SCRBs should respect the limitations often present
in these buildings, not just in terms of structural or construction limitations, but also
regarding the social and economic dynamics that are intertwined with the technical
solutions.
Despite sustainability being the desired condition for a building, not all existing
buildings manage to achieve this status. Many researchers have previously identified
existing buildings as the most significant challenge in the move to a sustainable built
environment (Levermore 2008; Wood 2006; Zuo and Zhao 2014). Globally, the existing
building stock was shaped by the logic of the fossil fuel economy, and it is estimated
that 98% of these buildings were constructed with insufficient consideration of
performance efficiencies (Bruce et al. 2015; Ottmar et al. 2014; Droege 2006; Bertone
et al. 2016). This indicates that a large fraction of the existing building stock does not
meet the current building standards, and therefore may have poor environmental
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performance. It is estimated that nine out of ten existing buildings in the EU will still be
standing and occupied by 2050 (Renovate Europe 2018). In Australia, 90% of the
building stock was constructed before any building regulation for energy performance
was in place (Graeme 2008; Wilkinson 2012). In 2011, the Garnaut report informed
that Australian projected emissions for 2020 were higher than the earlier predictions in
2000 and 2007 (Garnaut 2011). The Australian Government is committed to reducing
emissions by between 26% and 28% below 2005 levels by 2030 (ClimateWorks
Australia 2011).
Australian commercial buildings account for 10% of the national energy consumption,
of which offices are responsible for around one quarter (Ernst and Young 2015b). From
the total building stock, the ones considered mid-tier office buildings are generally
under 10,000 m2 (Ernst and Young 2015a). The Property Council Australia (PCA)
Office Market Report for 2015 (Ernst and Young 2015a) states that the commercial
office stock in Australia is on average 27 years old, and that more than 80% is over ten
years old. This report captures data on buildings in the CBDs of eight capital cities and
17 major towns. However, it does not capture data in buildings of under 1,000 m 2 of
Net Lettable Area (NLA) in the capital cities and under 500 m2 in the major towns (Ernst
and Young 2015a).
These figures therefore reflect only the larger scale commercial buildings in some of
the Australian centres. Moreover, smaller scale buildings are largely excluded, as this
has been the case with most of the previous studies (e.g.Yau and Hasbi 2013; Property
Council Australia 2016; Kavgic et al. 2010), which endorses the need for research in
this sub-sector. Additional importance is given to the SCRB buildings in regional
centres, where they represent a significant segment of the commercial building stock
and offer a hidden potential to harvest sustainability.
As the report produced by Pitt & Sherry to COAG in 2012 (Pitt & Sherry 2012a, 2012b)
points out, the difficulty of estimating the magnitude of the opportunities in the smaller
buildings is structural and reflects the lack of data on the governmental database. To
date, there is no single authoritative Australia-wide source documenting the number or
total built area of commercial buildings, the break-down by size, age, location,
ownership, PCA-grade, energy intensity or other key parameters (Ernst and Young
2015b).
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Furthermore, there is no established size for a ‘small building’, and it may vary in
diverse cultural contexts. In Canada, small buildings are defined as being smaller than,
or equal to, 600 m2 of Gross Floor Area (GFA) and less than three storeys in height
(Ontario Government 2006). In the US (American Society of Heating Refrigerating and
Air-Conditioning Engineers 2008), small retail buildings are defined as having up to
20,000 square feet (approximately 1,858 m2) of GFA (American Society of Heating
Refrigerating and Air-Conditioning Engineers 2018). The Australian Building Codes
Board (ABCB) only mentions building size for Class 1b buildings, which are boarding
houses, guest houses or hostels that have floor area less than 300 m2, and have less
than 12 people living in them (Australian Building Codes Board 2019e). However, in
New Zealand the Building Energy End-use Study (BEES) (Amitrano et al. 2014)
considered small buildings as the ones with less than 850 m2 of floor area; the medium
buildings as the ones with a floor area between 851 m2 and 4,860 m2; and buildings
with areas greater than that as larger buildings.
This research considers ‘small buildings’ in the commercial sector as the ones smaller
than 1,000 m2 of GFA. This boundary was defined due to buildings above this area
having specific regulations and programs, such as the Commercial Building Disclosure
(CBD) (Australian Government 2010). This instrument mandates that building energy
performance be disclosed when these larger buildings are advertised for sale or rent,
and aims to incentivise the uptake of upgrading to keep building performance at
acceptable levels. Thus, all the buildings below this size are excluded from the
mandatory compliance, and data about smaller buildings are not collected. The lack of
data is considered a barrier to improvements in other sectors of the building stock
(Commonwealth of Australia 2018c; Kavgic et al. 2010; May and Rye 2012; Borgstein
and Lamberts 2014). This is likely to be one of the barriers to promoting higher building
performance among these buildings. The lack of data results in poor understanding of
the dynamics of the SCRB sector, and results in the current poor performance of this
building sub-sector. Knowledge of international cases can assist in supporting an
Australian study and establish further comparison of the findings.
Worldwide, the growing urban population demands more buildings, new or renovated
ones. The ageing building stock globally is estimated to have a renewal rate of 1-2%
annually, and in Australia, new buildings add only 2-3% yearly to the stock (Leifer 2013;
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Daly, Cooper, and Ma 2014). This renewal rate needs to be accelerated (Reed et al.
2009; Ruparathna, Hewage, and Sadiq 2016), either by new or by upgraded buildings.
In the production of new buildings, building codes have been establishing increasingly
stringent performance standards, with the expectations to have better performing
building stock in the long-term (Bullen and Love 2010, 2011a). This means that
research that enhances the knowledge of upgrading is vital.
The high number of assumed under-performing buildings, and the potential energy
savings and emission reduction estimated through upgrading, has been demonstrated
to offer a good opportunity to accelerate the renewal of the building stock (Bullen and
Love 2011a; Mata et al. 2015). Upgrades are an opportunity to provide new technology
to the building’s systems, resulting in better internal thermal comfort levels for the
occupants, alongside potentially considerable energy savings. Often, the benefits of
upgrading over demolition and reconstruction go beyond lower costs (Bruce et al.
2015) and include reduced execution time and consumption of less non-renewable
resources (Bullen and Love 2011a). However, the identification of opportunities to
retrofit is complex, and the existing consolidated methods applied to large commercial
buildings are not the best fit to evaluate smaller buildings in suburbs and regional
centres. An appropriate method therefore needs to be developed.

1.2 Relevance
As established above, there is a need to accelerate the renewal rate of the existing
building stock (Lee, Hong, Sawaya, et al. 2015; Wilkinson, James, and Reed 2009).
Furthermore, research about upgrades has evidenced a hidden potential for the small
commercial buildings to save energy and reduce emissions related to the occupancy
phase in the building's lifecycle (Hong et al. 2015). The contribution of this research is
to address the need to understand better how to accelerate this renewal rate in smaller
commercial buildings, a sector which has high potential to deliver energy savings.
Despite previous research highlighting the significant potential benefits that upgrades
can generate (Parry et al. 2007; Santiago, Vazquez, and Parrish 2016; Hong et al.
2015; Lee, Hong, Sawaya, et al. 2015), research on the SCRB and its most frequent
end-use activities are often overlooked. The absence of specific studies presents a
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gap that needs to be filled with reliable and useful knowledge about the actual
performance of the buildings in the SCRB sector.
Most of the studies on building performance and EE are carried out in a single
disciplinary research method, using either a qualitative or a quantitative approach. For
instance, Martin (2013) used a small scale survey on 20 commercial buildings in Cape
Town to generate good practice benchmarks. The 20 buildings were selected from a
previous survey from the Green Building Council of South Africa, when 155 office
buildings were analysed to establish benchmarks. Other buildings such as retail, hotels
and schools were not benchmarked in South Africa because it is expensive and time
consuming, which explains why national benchmarks are not developed in many
countries (Pérez-Lombard, Ortiz, and Pout 2008; Martin 2013). In order to pursue
sustainability retrofits, the establishment of monitoring processes and benchmarks are
important activities. An example of a single disciplinary method is the research of
Santiago, Vazquez, and Parrish (2016), which investigated the installed systems such
as lighting and HVAC to evaluate energy efficiency, and analysed three variables:
retrofit measures implemented, climate zone, and building type as indicators. They
concluded, among other things, that lighting was the most adopted retrofit measure
and that these measures were not climate related. Although a trend has been
established, the research was not able to identify the reasons why this was so.
Research findings in one country are often not transferable to another setting. This is
illustrated by a study of small and medium commercial buildings in the US was carried
out by the Pacific Northwest National Laboratory (PNNL) to characterize the monitoring
and controls needs for end-uses, determine requirements to develop control, and
calculate the target cost of these tasks (Katipamula et al. 2012). In this study, a small
building is defined as the one that has 5,000 square feet (sf) or less, and medium-size
buildings have between 5,000 sf and 50,000 sf. Based on the consumption patterns
for 20 building types from the Commercial Building Energy Consumption Survey
(CBECS) database, this study considered office and retail such as strip mall, enclosed
malls, retail other than the mall. Compared to the SCRB in this research, the buildings
from the CBECS database are larger and the commercial activities are different.
Despite the comprehensiveness of the US study, findings from it do not apply to smaller
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buildings in diverse cultures due to the broad area range and different business
practice.
While the typical approach has built a consistent body of knowledge, it also has largely
excluded details that only become explicit within the interface between different areas
of knowledge, as will be detailed in Chapter Two. This is especially relevant in research
involving the built environment. This research proposes a mixed-methods research
(MMR) approach that reflects the diversity of knowledge from across the different
disciplines which contribute to the built environment, and which can potentially address
real-world problems (Robson 2011) more efficiently. Figure 1-2 demonstrates some of
the correlations that will be further detailed in Chapter Two.

Figure 1-2 Interactions between research-produced knowledge and societal needs of
knowledge about upgrades.

Source: Author.
Better knowledge of upgrades in the SCRB sector can provide guidance to allow more
efficient interventions. These improvements can positively impact the environment by
identifying the main drivers that lead to upgrades, and the barriers that prevent them.
This research aims to achieve a better understanding of these dynamics as they occur
in the real world, and identify the knowledge needed for closing this gap.
There is clear leadership from some governments and organisations in the northern
hemisphere on the study, initiation and implementation of energy efficiency (Brady and
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Abdellatif 2017). This also applies to sustainability measures, such as the PostOccupancy Review of Buildings and their Engineering - PROBE (Cohen et al. 1999),
the Typology Approach for Building Stock Energy Assessment - TABULA (Loga, Stein,
and Diefenbach 2016; Stein et al. 2012), the Environmental Performance of Buildings
Directive – EPBD (European Parliament 2010), the Soft Landings design process
(Tuohy and Murphy 2015) and the Building Performance Evaluation (Palmer and
Armitage 2014) explained in Chapter Two. However, not all research carried out in the
northern hemisphere can be directly applied in the southern hemisphere. The reality
of countries is different within and across continents. The differences between northern
and southern hemispheres exceed the simple inversion of the direction of the solar
trajectory or even climate differences (Reed et al. 2009). Cultural peculiarities
materialised in the production of the built environment such as building construction
methods and materials, public policies, legislation, investment decisions and people’s
habits and behavior make results achieved in one country or continent difficult to
replicate in another. This evidence-based research on the performance of the SCRB
sector is especially relevant in countries in the southern hemisphere where there is a
more significant gap in research on the performance of buildings in this sector.

1.3 Research scope
This research highlights that the SCRB sector is a very specific sub-sector of the
commercial building sector with distinctive characteristics that need be better identified,
understood, qualified, and quantified whenever possible. The notion of small buildings
is presented below, along with the scope of the research in terms of its extent and
depth.
The scope of the research, regarding the object of analysis, comprises the smaller
scale commercial and retail buildings (SCRB) located in regional centres. The enduses of these buildings are classified by the Australian National Construction Code
(NCC) as Class 5 (Offices) and Class 6 (Shops) (Australian Building Codes Board
2015a). Because these end-use classes typically accommodate a great variety of
building types a narrower focus is demanded. Thus, this research focuses on the
smaller scale street-front buildings, also known as high-street shops, from which shops
and offices operate.
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The study focuses on the smaller scale commercial buildings located in the commercial
core of the Australian regional centres. In this research smaller scale is defined as the
buildings with a total built area up to 1,000 m 2 and a height no greater than four storeys.
There is no defined building age range for these buildings, which can be rented or
owner occupied. All the buildings in this study are privately owned. Publicly owned
buildings are excluded due to the significantly different relationship that occupants
have with the buildings and their advanced degree of professional management. This
means they are not characteristic of the SCRB and justifies their exclusion from this
study.
Initially, mixed-use buildings with a residential component, also known as shop-top
housing, were not included in this research. During the initial onsite observations, it
was realised that this type of building has a prevalence in the streetscape and they
were then included in the study. However, only the commercial part of them was
assessed. The review of the specialised literature in this area of knowledge, includes
several implemented initiatives detailed in Chapter Two – Literature review, which also
identifies the need for more studies on the SCRB sector.
Heritage listed buildings have their own regulations, and they are subject to special
consideration as they often present characteristics that justify case-by-case analysis
rather than a comparison against a benchmark (Ascione, Rossi, and Vanoli 2011).
They are therefore also out of the scope of this research.
The depth of the analysis was determined not only by the available data but also by
the research questions that motivated this study. Therefore, the analysis was
developed to answer the questions detailed in Section 1.3, which may provide support
to future action in this building sector.

1.4 Research questions and aims
Worldwide, there is a considerable number of studies on building performance that
cover most of the building types and end-uses. Commonly, these studies have a
narrow focus on new building design and an EE approach, which is not enough to
achieve sustainability in the overall building stock (Kamari, Corrao, and Kirkegaard
11

2017). The prevalence of sustainability studies on larger commercial buildings
indicates the lack of studies on smaller scale commercial and retail buildings (SCRB).
This gap is also be identified by Kehily (2012), as a gap between research and practice,
which may be a result of the prevalent positivist paradigm which exists in academia
or/and the positivist application of tools in the practical context (Kehily 2012, p. 4287).
This gap is especially relevant in the Australian context, where there is a lack of
information about small commercial buildings, as explained in Section 1.1 and Section
1.2. This research aims to produce the missing knowledge about upgrades in the
SCRB sector in regional centres in order to identify strategies to accelerate the uptake
of retrofits in this building subsector. This knowledge is vital to understand the
dynamics of this process. Thus, it is necessary to answer the following research
questions (RQ), which are shown in Figure 1-3 below, along with their associated
outcomes and objectives.
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Figure 1-3 Hierarchical relationship between research questions, outcomes and
objectives.

Source: Author.
RQ1 - How can the renewal rate, or uptake of retrofits, in the SCRB in regional centres
be accelerated?
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There is a logic sequence of the research questions that supports the research scope,
which is introduced in Section 1.5. The interdependent hierarchy that is reflected in the
research design and methods are detailed in Chapter Three.
To answer this first, and main, research question it is necessary to disaggregate it into
sub-questions.
RQ2 - What are the characteristics of SCRBs that differentiate them from the larger
commercial buildings?
The Australian National Urban Policy defines ‘urban’ as places with 100,000 persons
or more (Budge and Chesterfield 2011), which leaves all the other urban areas out of
this policy. In the light of this, ‘Regional Australia’ is a broad term that refers to a diverse
range of farms, mining communities, towns, cities and large regional centres (Budge
and Chesterfield; Bell and Jayne 2006). Budge and Butt (Budge and Butt 2007)
suggested the term ‘medium sized cities’ to refer to the larger regional centres of
Australia with populations in excess of 40,000. However, for the analysis in this
research more relevant characteristics than population size are building type and
typological diversity over time.
RQ3, which emerges from RQ2, concerns the way to approach and understand the
dynamics of this sector in order to identify its actual performance:
RQ3 - What are the characteristic features of the SRCB sector that have potential to
be modified to improve building performance?
This question implies that a method to approach buildings and occupants should be
designed considering the peculiarities of this building sector, including the occupancy
patterns. The aim is to find the best approach to assess and evaluate building
performance that could be adopted across the SCRB sector in Australia and perhaps
in similar building stocks in other countries.
RQ2 and RQ3 comprised the first phase of the research when exploratory methods
were adopted. This diagnosis phase of the research provided the basis for refining the
research design in order to access the actual performance of these buildings and the
behaviour of occupants. The research actions developed in this phase led to a
subsequent set of ancillary research questions.
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RQ4 - What can be considered a successful sustainability retrofit in the SCRB sector?
Answering this question means establishing the criteria to define a successful
sustainability upgrade. In the SCRB sector, where the owner of the business plays a
central role in its operation, the definition of a successful retrofit has to make sense for
them at the same time as meeting appropriate sustainability objectives.
RQ5 - What are the main drivers, barriers, opportunities, and potentialities to retrofit in
the SCRB sector? Are they the same as those for the typology found in the CBDs of
capital cities?
This question goes beyond the technical aspects of the buildings and considers the
social aspect of the dynamics of occupying the buildings. The methodology developed
enabled access to SCRB information captured from the experience of the participants.
In the face of the lack of information about this building sector, data and testimonials
collected during fieldwork can be counterpointed with the same aspects in the larger
commercial buildings, which are documented in literature as detailed in Chapter Three.
RQ6 - What are the most appropriate retrofit techniques, strategies, or actions to
enhance the performance of buildings in this study?
This question aims to find the appropriate path to increase the upgrade rate for public
policies design and to inform future investments in the building industry. While the
implementation of these measures is not foreseen in the scope of this research, by
answering the previous RQs and applying the findings from the research by identifying
the needs of the buildings, business and occupants, adequate actions can be selected
from the best practice based on the specialised literature.
From the research questions, the following research objectives are established:
o Objective 1 – Identification of the characteristics of the small commercial and
retail buildings (SCRB) in regional centres, which includes but is not limited to
energy performance.
o Objective 2 – Identification of the most effective measures, or strategies, to
accelerate the renewal rate in the SCRB sector.
o Objective 3 – Dissemination of research findings as meaningful and actionable
information to the key stakeholders.
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These objectives are intrinsically correlated and interdependent. Therefore, the
achievement of consistent results in one greatly influences the subsequent
achievements.

1.5 Summary of the methodological approach
The questions posed by the research address complex issues in the real world, which
require a combination of approaches to be understood. The research adopted a mixed
methods (MM) approach (Scerri and James 2010), with a flexible design that
combines qualitative and quantitative research traditions, aiming to: i) gather all
relevant data making refinements to the proposed methodology as needed; ii) analyse,
complement and validate data accordingly; and iii) communicate the research findings
to the key stakeholders. The flexible design aims to be knowledge-based (Magee et
al. 2012) and comprises a set of methods that includes but are not limited to literature
review, pilot study, building assessment, post‐occupancy survey, photography/rephotography, desktop survey, SWOT analysis, benchmarking, and semi‐structured
interviews. These methods and techniques allowed triangulation of the data as a
validation method. The variety of methods aims to fill the gap in knowledge while
leading to a better understanding of the dynamic processes of the SCRB sector
through the social, economic, and environmental dynamic observed within these
buildings. The detailed methods and techniques are presented in Chapter Three –
Research design and methodology.

1.6 Expected outcomes and thesis contribution
To achieve the overall aim of this research, the research questions had to be answered
in a specific order within the research design. From these RQs, some steps necessarily
had to be completed before carrying out the next phases. This has allowed the
achievement of the outcomes which were expected during the design phase, as
follows:
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i. a tailored data collection method to assess building performance in the SCRB in
regional centres;
ii. the definition of the characteristics of the performance of the SCRB with the
development of new benchmark(s) for this sector;
iii. a plan to disseminate the research findings as meaningful and actionable
information to the key stakeholders.
The overall contribution of this research comprises not only all these tangible outcomes
but also intangible ones, such as creating or increasing awareness about building
performance

and

sustainability

among

the

occupants

during

recruitment.

Communication with community during fieldwork had the potential to trigger a shift in
individual attitudes regarding building maintenance and upgrades, which was
perceived by the interest manifested. The synergy caused by the recruitment and
engagement of people from the commercial community will have a positive impact in
the long-term.
The deeper understanding of this sector that has been achieved indicates possible
a n d f e a s i b l e ways to address the identified issues at the building and the urban
level to inform future policies. Therefore, these research findings and outcomes
contribute to improving stakeholders’ practice in upgrades in the SCRB sector, and to
shortening the path to enhance the performance of the stocks in this building sector in
regional cities.

1.7 Thesis structure
This introductory chapter presents, frames and contextualises the research problem
and its relevance; explains the research questions and aims; and situates the research
problem within the state of the knowledge. An overview of the entire thesis structure is
presented below, followed by a schematic diagram that outlines the next thesis
chapters.
Chapter Two – Literature Review - reviews and discusses the specialised literature.
Here the state-of-the-art of recent research about this topic is critically reviewed
highlighting a range of information about the benefits and limitations around building
upgrading practices. Buildings-related regulation, standards, performance evaluation
tools and recent initiatives to incentivise the uptake of building upgrades in the
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commercial sector are reviewed. The chapter also surveys the current scenario, its
limitations and potentialities, and especially the areas where more study is needed,
thereby establishing how the theoretical and conceptual frameworks are adopted in
this research.
Chapter Three – Methodology – lists, describes and discusses the methods and
approaches adopted to assess the SCRB sector in regional centres, the kind of data
needed for the proposed analysis and the expected outcomes. This chapter also
describes the selected methods to approach data collection and analysis, and how
they answer the research questions. A pilot study is presented as a tentative means of
verifying the efficacy of the designed method, before being applied to a larger study
area. A critical evaluation of the proposed methods, via a SWOT analysis (Dyson 2004;
Helms and Nixon 2010), identifies points for improvement, and a revised method is
presented. A new and larger area is selected to carry out the research analysis. This
contextualises the main study area and justifies its choice by presenting the selection
criteria, and establishes how it is representative of regional centres within the broader
Australian context.
Chapter Four – Results and Findings - present results and findings from the mixed
methods (MM) integration, including the qualitative and quantitative perspectives and
methods such as desktop survey, semi-structured interviews, and the Post-Occupancy
Evaluation (POE), which includes a questionnaire survey, onsite observation, visual
data collection and building audits. These audits were carried out as a walkthrough
with interaction with the occupants, who eventually agreed to disclose the recent utility
bills. The chapter presents a synthesis of all the new information gathered during the
research and attempts to ensure that the new knowledge is usable and actionable to
a range of key stakeholders.
Chapter Five – Characterisation and Benchmarking – analyses data presented in
Chapter Four and discusses the framework of the new benchmarks suggested to the
SCRB sector. The analysis correlates building elements, types of business and
building performance. The usability and benefits of the benchmarks developed with
actual data from the buildings in this research are discussed. State-of-the-art
techniques for upgrading measures and strategies appropriate for SCRBs are briefly
presented.
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Chapter Six – Discussion and Conclusion - summarises the research processes and
findings, presents the conclusions and outcomes and demonstrates how the research
questions were answered. It highlights the overarching research contribution to this
area of knowledge, estimates the research impacts and recommends improvements
which could be developed in future works.
The thesis structure is summarised in Figure 1-4.

Figure 1-4 Thesis structure.
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2 Literature Review
2.1 Introduction
This chapter covers the specialised literature about the built environment with a focus
on commercial buildings and the dynamics of upgrading in this sector. First, the chapter
reviews how awareness of sustainability was first considered in the built environment
and how it influenced building regulations. It also discusses the many terms that refer
to the levels of intervention in current upgrading terminology. Second, it discusses the
concept of performance related to the building industry and the factors that influence
it, and third, it analyses how building stocks are characterised by explaining how data
is collected and identifies the methods commonly used to characterise building stocks.
Fourth, it lists some of the most used tools and explains how they evaluate building
performance to create benchmarks for the commercial sector. Fifth, it identifies typical
drivers and barriers to retrofitting and discusses the rationale for upgrading commercial
buildings. Finally, it presents and briefly explains some of the consumption patterns
identified, including some performance indicators for commercial buildings. Table 2-1
summarises the topics in this chapter.

Table 2-1 Summary of the topics in this literature review.
1

2
3
4
5
6

• Sustainability and its influence on the built environment
• The concept of performance and the terminology of the building
industry
• Practice in performance evaluation of building stocks
• BPE tools and the resulting benchmarks
• Consumption patterns and indicators in commercial buildings
• Retrofitting rationale in commercial buildings

Source: Author
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The specialised sources consulted from different disciplines include, but are not limited
to, peer-reviewed journals, theses, technical books, reports, legislation, regulations,
standards and industry white papers relevant to the proposed research. The time slot
and age of these publications vary according to the search for responses and
validation.
The complexity inherent in this research topic suggests an interdisciplinary approach.
Table 2-2 clarifies the difference between the disciplinary perspectives typically found
in the sources consulted and the interdisciplinary approach (Ding 2008) proposed to
integrate knowledge from different disciplines and research practice.

Table 2-2 Perspectives regarding disciplinary knowledge and research design

Source: Adapted from Montuori (2013).
The interdisciplinary approach allows for a closer look at the interfaces between fields
of knowledge, and since these areas are commonly overlooked, there is a distinct lack
of knowledge about them. Whether or not the complex nature of the built environment
suggests an interdisciplinary approach to answer the research questions, this review
of specialised literature requires a transdisciplinary approach (Montuori 2005) because
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the need to address information that is beyond the boundaries of the intra- or any
disciplinary contribution is justified.

2.1.1 A brief discussion of the evolution of the terms SD and
sustainability
Sustainability is a much-discussed notion; it has a high level of abstraction and
ambiguity; and its theoretical scope is commonly confused with the notion of
sustainable development (SD) (Moldan, Janoušková, and Hák 2012). Despite the
vagueness and ambiguity of this notion, and indeed because of it, sustainability has
been largely adopted as a target for developing an overarching perspective towards
environmental policies on a global scale (Mebratu 1998). There are authors (Sartori,
SIlva, and Campos 2014; Mebratu 1998) that argue that vagueness and ambiguity are
useful and allow a range of types of actions or better practice without the friction caused
by previous terms such as ecodevelopment, as discussed further in this section.
Almost all published definitions of SD are based on principles of sustainability such as
long-term perspective, the fundamental importance of local conditions, nonlinear
evolution of environmental and human systems (Moldan, Janoušková, and Hák 2012).
Likewise, most current discussions of sustainability and SD consider the UN World
Commission on Environment and Development (WCED) report, Our Common Future,
as the document that introduced the notion of SD. Sustainability, however, is an older
and broader notion that served as a basis to build the notion of SD. In the 1950s, initial
discussions arose in countries in the northwestern part of the globe about the model
of a modern society built up in a pattern guided by technology, which resulted in
deleterious impacts on the environment. In the 1960s American groups created an
environmental movement to maintain a pristine natural environment (Barbosa, Drach,
and Corbella 2014). The first time governments positioned themselves regarding the
environment as a global issue was in 1972, in the first UN Conference on the Human
Environment in Stockholm, followed by the establishment of the UN Environment
Programme (United Nations 2013). At that time there was a tension about the need for
developed countries to limit their growth, which was considered to be the cause of the
imbalance in the planet in the form of pollution (Sassi 2006).
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The recognition that ideas addressing environment and development needed to be
considered simultaneously was made in 1978, in the annual review of the UN
Environment Programme (Mebratu 1998; Sarsfield and Emes 1980). During this
meeting, conservation of energy was discussed as a global problem for the first time,
with viewpoints provided from members of various scientific communities, and the
stimulation of discussion and public awareness.
The term ecodevelopment was introduced as a tension between economic and
ecological aspects of development, and was considered the forerunner of SD.
However, it was not well accepted because of the implicit ideas of limitation of growth,
which could compromise the economic development of nations (Duran et al. 2015).
The concept of ecodevelopment was further widely studied and disseminated by Sachs
(1993) as the sum of actions resulting from developing inclusively for social,
environmental and economic sustainability (Sachs 1993; Barbosa, Drach, and Corbella
2014).
In parallel to the political discussion, a group of 30 scientists from 11 different countries
was formed in 1968 and was known as the Club of Rome (Meadows et al. 1972; Sassi
2006). In 1972, they released a report called Limits to Growth (Meadows et al. 1972),
in which they centered their concerns about the future of the planet due to the limits of
resources such as of food, water and energy. Despite the mobilization of the
international policy arena and academic and scientific groups, no changes in the
production model were established or implemented at that time. In 1980, the first Green
Party in the world was founded in Germany. It unified an array of regional movements
that brought together environmental, peace and human rights activists, who were
frustrated with how these topics have been ignored by politicians (Deutsche Welle
2019). What is emblematic in this event is the demonstration that people were getting
mobilized around environmental issues to achieve representativeness in policy
making.
In this global context of the 1980s, Lester Brown from the WorldWatch Institute
introduced the concept of sustainability as ‘intergenerational equity’ (Brown 1981, pp.
358-61), based on his own analysis and supported by contemporaneous system
analysts such as Jorgen Randers and Donella Meadows. Brown’s idea (Brown 1981)
was adopted in 1987, in the Brundtland Report, also known as ‘Our Common Future’,
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where it was stated that ‘Humanity has the ability to make development sustainable to
ensure that it meets the needs of the present without compromising the ability of future
generations to meet their own needs’ (World Commission on Environment and
Development 1987, p. 16). This document ‘constituted a major political turning point
for the concept of sustainable development’ (Mebratu 1998, p. 496).
The 1992 United Nations Conference on Environment and Development (Earth
Summit) in Rio de Janeiro focused on the Framework Convention on Climate Change,
with Agenda 21 containing strategies for pursuing SD. The recommendations to be
implemented aimed for a change of paradigm in the 21st century, including providing
assistance to developing countries and access to environmentally sound technologies,
among other issues (Sassi 2006). The Agenda 21 framework provided a structure for
SD when it was considered too abstract. Since then, national and sub-national
initiatives have started to be developed in many places in the globe in an attempt to
achieve SD. This effort is a dynamic process from one state towards another which
means there is no exact definition of it, because every society and city is evolving over
time - becoming either superior or inferior to their previous state (United Nations 2013).
In 1994, Elkington (1997) introduced the concept of the triple bottom line (TBL) to
transfer the notion of sustainability to the corporate initiatives. It is based on three
pillars: social, environmental, economic, targeting the monitoring of sustainability in the
corporate environment (Elkington 1997).
Despite much discussion, there are many pitfalls associated with the operationalisation
of sustainability initiatives. Hong et al. (2013) consider that rarely a project, program or
implementation contemplates all three dimensions of sustainability equally (James et
al. 2015). Exceptions exist, such as the case studies carried out in the UK by the BDP
from 2005 on, in which the Palace of Westminster in London is an example. These
projects effectively implemented the TBL in commercial retrofit projects (Ritter 2007).
Whatever the scale and the criteria considered to analyse sustainability, there is a
common condition, which is the implicit component of time. Thus, no matter the
indicators, the scale or the approach adopted to measure and evaluate sustainability,
there should be monitoring across time to allow comparison. Thus, sustainability is a
dynamic condition.
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Sustainability has been applied to building stock mainly by reducing the amount of nonrenewable resources used in building materials, and the reduction of the use of energy
and water during the building lifetime. Thus, an important approach to building
sustainability is to consider the individual building as the smallest unit of the building
stock. Assessing the performance of the existing buildings allows the improvement of
the overall performance of the building stock over time. The tools that assess and
evaluate building performance are discussed in Section 2.6.

2.2 Sustainability in the context of commercial buildings
International sustainability agreements such as the Kyoto Protocol (United Nations
1998) and the Paris Agreement (United Nations 2015) have influenced the push for
the renewal of building stocks as part of a global effort to reduce emissions. Many
actions at trans-national, national and sub-national levels are derived from major
international agreements designed to encourage the reduction of energy consumption
and GHG emissions in the building sector. The European Energy Performance in
Buildings Directive (EPBD) (European Parliament 2010) is a transnational instrument
across the European Union estate members; the Commercial Building Partnerships
(Hirsch et al. 2014) was an initiative at the national level in the US running from 2009
to 2014 to identify ways to increase the speed and scale of energy efficiency
improvements in US commercial buildings; in Australia, the Disclosure Act 2010
Commercial Buildings Disclosure (CBD) (Australian Government 2018b) was
implemented at sub-national level in the states that have adopted it, such as Victoria.
These policy instruments indicate common intentions to improve the sustainability of
commercial buildings across multiple jurisdictions internationally.

The sustainability impact of Australian building regulation
The first target Australia committed to in the period of the Kyoto Protocol 2008-2012
was to limit emissions to 108% of 1990 levels. At the end of this period, this target was
achieved and exceeded by 128 million tonnes CO2-e (MtCO2) (Commonwealth of
Australia 2017). The Paris Agreement on Climate Change (United Nations 2015)
replaced the Kyoto Protocol (United Nations 1998) in the efforts to mitigate the adverse
effects of climate change, such as the increase of the average temperature of the
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world, drought and flood by 2050. The long-term goal of this international agreement
is to limit any increase of the world’s average temperature to no more than 2oC above
pre-industrial levels, while trying to keep this increase to 1.5 oC, as part of the transition
to zero-emission nations (Krizmane, Slihte, and Borodinecs 2016; United Nations
2015; Australian Sustainable Built Environment Council 2016).
As a signatory to the Paris Agreement, the Australian Government committed to
reducing emissions by 26% - 28% by 2030, based on 2005 levels, which at that time
represented a 50% to 52% reduction in emissions per capita and a 64% to 65%
reduction in the emissions intensity of the economy between 2005 and 2030
(Commonwealth of Australia 2015). The ‘2017 Review of Climate Change Policies’
(Commonwealth of Australia 2017) reported significant progress regarding the 2020
and the 2030 targets. The report also stated that the current target, to be achieved by
2020, was to reduce emissions by 5% below 2000 levels (294 MtCO2). Achieving these
GHG emission targets might be challenging. This highlights the need to explore new
long-term and cost-effective potential solutions such as the retrofitting of the existing
building stock.
A watershed in the development of building codes worldwide was the European Energy
Performance in Buildings Directive (EPBD) (European Parliament 2010) that came into
effect in 2002. This innovative regulatory instrument aimed to ensure improvement in
the performance of European building stock, by mandating that all new and existing
buildings implement EE measures and disclose their energy performance to comply
with cost-optimal requirements (BPIE 2015). While this instrument pushed the pace of
building stock upgrades, according to Cohen and Bordass (2015, p.535), ‘twelve years
later, there has been relatively little overall improvement in the energy performance of
the existing non-domestic stock’.

Mandatory framework scenario
Although the production of the built environment is typically driven by market demands,
it is the public administration that defines the acceptable requirements and controls the
production of new buildings, upgrades, and adaptations. Influenced by the international
commitment to achieve environmental goals, the building legislative framework in
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Australia has become more stringent. For example, up until 1996 (Armstrong et al.
2017) the licensing process for buildings was largely conditioned to impose minimum
requirements by the prescriptive construction codes, thus limiting the range of solutions
(Cote and Grant 2002; International Energy Agency 2013). The increasing awareness
about environmental issues related to the construction and operation of buildings
(Landers 2010) led to the adoption of performance building codes during the 1990s.
This type of code describes the level of performance that buildings must achieve, the
criteria used to evaluate these achievements, and a method to provide evidence of
compliance. The flexibility of a performance-based code is balanced with stringent
performance standards that have recently been incorporated to raise the performance
level in new and existing buildings (Landers 2010), by incorporating a wider range of
aspects previously overlooked in the practice of building design.
These standards have a typically voluntary nature for their adoption, which ensures
the neutrality and credibility of the recommendations and their permanence over time
(Armstrong et al. 2017). However, when incorporated into performance-based building
codes they become mandatory according to the conditions specified in the code. The
incorporation of building standards in contemporary building codes will probably have
a large impact on the overall performance of building stocks, well beyond the minimum
requirements now in practice.
With existing buildings, the level of planned intervention defines whether the upgrades
should comply with new performance standards and the requisites to comply. Common
practice mandates that buildings undergoing major works should comply with new
performance standards, so the scope of the upgrades should be clearly defined.
Obviously, the type and extent of works can vary significantly and ‘major works’ can
have different definitions. Building codes may define ‘major works’ in one of the
following forms: i) the total cost of the renovation, compared to the cost of the building;
ii) the percentage of the building envelope affected by works that exceed a certain
value; iii) the technical building systems affected (if 25% or higher than the total value
of the building); or iv) the surface of the building’s envelope to undergo renovation is
more than 25% of the total (Thomsen and van der Flier 2009). The attempt to create
rules might result in overlooking the intention of the upgrade and targeted
achievements.
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The Disclosure Act 2010 Commercial Building Disclosure (CBD) entered into force in
some Australian local government areas, and initially, mandated that all office spaces
of more than 2,000 m2 NLA should obtain a Building Energy Efficiency Certificate
(BEEC) when advertising space or under transaction. From June 2016, the threshold
area was reduced to 1,000 m 2 (Hall 2014). A BEEC is a certificate comprised of
National Australian Built Environment Rating System (NABERS) energy for offices
rating and the CDB Tenancy Lighting Assessment (TLA). These tools are discussed in
Section 2.5.2.
Section J of the National Construction Code (NCC) Volume One (Australian Building
Codes Board 2019c, 2015a) codifies the minimum requirements needed to achieve
good passive design for glazing the thermal performance of façades and roof lights. A
range of strategies for different climate zones is included that will result in innovative,
high-performance, NCC-compliant façade concepts. These guidelines are based on
the Deemed-to-Satisfy (DTS) assessment that covers building fabric, glazing, sealing
a building, air conditioning and ventilation systems, artificial lighting and power, hot
water supply, and access to maintenance and facilities for monitoring (Shaw 2016;
Australian Building Codes Board 2015a, 2019c). Led by the Australian Government,
the updates to Section J in 2019 were intended to give more flexibility in verification
options including NABERS and Green Star certifications. These updates are part of
the national strategy to reduce GHG and increase the energy efficiency of the building
stock by 40% by 2030 (Australian Building Codes Board 2019c).
The Sustainable Designs Assessment in the Planning Process (SDAPP) is a program
developed by a pool of councils in the state of Victoria that aims to include ten key
environmental performance considerations during the building approval process. The
intention is to push for more sustainable residential and non-residential buildings with
a constructed area from 100 m2 to 1,000 m2 (Cities of Maribyrnong Melbourne Port
Phillip Stonnington and Yarra 2015).

Initiatives to improve building performance
In a study about the drivers and barriers to implementing sustainable measures in
Finland, Häkkinen and Belloni (2011) interviewed 350 Finnish experts and managers
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with everyday contact with the building process. Respondents said that ‘normative
regulations are needed since the voluntary approach has not caused a significant
change’ and that ‘the updated regulations do not really encourage innovations for
sustainable solutions’ (Häkkinen and Belloni 2011, p. 247). Initiatives that go beyond
the mandatory frameworks - such as the adoption of performance standards by the
building industry, the Environmental Upgrade Agreements (EUA) (New South Wales
Government 2010), Green Leases (GL), product labelling and financial incentives have been put into practice as part of or an addition to the mandatory framework.

2.2.3.1

Adoption of performance standards in the building industry

Building codes represent the minimum construction standard permissible in a typical
building licensing and construction process. The stringency of building standards
embedded in the building codes might complement the set of mandatory legislation in
an effort to produce a more sustainable built environment (Cote and Grant 2002).
Standards in the building industry are mainly published by recognised institutions such
as the International Organisation for Standardisation (ISO), British Standards Institute
(BSI), the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) and the Standards Australia and Standards New Zealand (AS/NZS). There
is a plethora of relevant standards for improving the performance of buildings, ranging
from the design process, manufacturing, assembly, construction and refurbishment.
For example, the thermal environmental conditions for human occupancy as
established in the ASHRAE Standard 55 (American Society of Heating Refrigerating
and Air-Conditioning Engineers 2010a); design for green buildings, e.g. ASHRAE
Standard 189.1 (American Society of Heating Refrigerating and Air-Conditioning
Engineers 2009); ISO 13.790:2008 - Energy performance in buildings (International
Organization for Standardization 2008) PAS 2030:2012 (British Standards Institute
2012) - Improving the EE of existing buildings, specifications for the installation
process, process management and service primarily aimed at installers of EE
measures (May and Rye 2012). Many of these requirements are found in building
codes as an excerpt from standards, or based on standards as a reference. This allows
the building codes to be kept at a workable size and eliminates much duplication of
effort (Cote and Grant 2002). Compliance with building standards ensures a minimum
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quality of services, systems, and components in buildings. In this regard, the Joint
Standards Australia and New Zealand produced standards such as the AS/NZS
6400:2016 – Water efficient products – Rating and labelling (Australian Government
2018c); and the AS/NZS 1680.2.4:2017 – Interior and workplace lighting (Standards
Australia 2017), and the AS/NZS 3598.1:2014 Energy audits Part 1: Commercial
buildings (The Joint Australia Standards/ New Zealand Standards 2014). Australia
Standard has also launched the AS 5334:2013 - Climate change adaptation for
settlements and infrastructure — A risk based approach (Standards Australia 2013),
and the AS 1562.1:2018 - Design and installation of sheet roof and wall cladding
(Standards Australia 2018).

2.2.3.2

Environmental Upgrade Agreements (EUA)

The Local Government Amendment (Environmental Upgrade Agreements) Act 2010
(New South Wales Government 2010) incentivises the retrofitting of non-residential
buildings. The EUA is a voluntary agreement that facilitates access to a loan for
sustainable retrofits offered at competitive rates by an agreement among three parties:
the building owner, the financial institution and the council. The building owner agrees
to implement energy, water and/or environmental improvements to the building; the
financial institution agrees to provide funding at a reduced rate. The council agrees to
levy a charge on the land for the purpose of repaying the loan to the financing provider.
Because the loan is tied to the property, it reduces the risks of the loan repayment not
being made and therefore the lending rates are also reduced. If a property is sold the
loan might be transferred to the new owner, which then allows owner(s) to share the
cost of improving the building with tenants who then benefit from the upgrades with
lower operating costs (Wollongong City Council 2013a; Blundel 2012).
In Australia, the EUA is currently available in City of Sydney, North Sydney Council,
Parramatta City Council, Lake Macquarie, City of Newcastle, City of Melbourne and
City of Adelaide. An energy audit carried out in a government property in NSW
identified lighting as a clear opportunity to save energy for the tenant, reducing
electricity consumption for lighting by 70%, along with maintenance costs and
improved working environment. The building owner, who paid nearly half of the
upgrade costs, benefited from lower capital costs. The benefits for the environment
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included a reduction of GHG of 550 tonnes per annum, recycling of 19 tonnes of
material removed from the site and a contribution to lowering peak demand on the
electricity network (NSW Office of Environment and Heritage 2013).

2.2.3.3

Green Leases (GL)

Traditional or typical leases do not include environmental considerations such as
building efficiency, so the landlord does not benefit from any efficiency measures
implemented by himself. The costs and benefits of an investment in environmental
efficiency are not perceived to be equally shared between the landlord and the tenants
(Bird and Hernandez 2012). In the UK, for example, when financing is needed to retrofit
a tenanted property, it has a shorter payback period, often limited to five years but
commonly up to two or three years (Dixon, Britnell, and Watson 2014; Dixon 2014).
This limitation is partially because the length of commercial leases has been declining,
which poses a risk of the loan not being paid back. In this context, technologies that
demand a longer payback period, usually associated with an intensive investment,
have their implementation largely discouraged (Dixon 2014; Dixon, Britnell, and
Watson 2014).
The split incentive is a well-recognised challenge and a major barrier for the
implementation of efficiency measures in rented commercial buildings (Janda et al.
2016). It refers to different interests pursued by landlords and tenants. The split
incentive refers to the lowest combination of rental and running costs, which are often
related to the efficiency of the building. Landlords often do not have an interest in the
efficiency of the building and its installed systems if tenants are not paying more for
the effort of retrofitting the premises to keep it efficient.
In their study of low income renters in the US, Bird and Hernandez (2012) identified
that there are three types of split incentive. The first is between the owner, responsible
for providing an energy efficient building through the shell and sometimes the
appliances, and the tenant, who aims to combine rental and operation at the lowest
cost possible. In this situation, the tenant is incentivised to increase efficiency but has
no control over the means to create it. The second type of split incentive is related to
the duration of the lease. In this situation, it is uncertain at the beginning of a lease for
what period of time the tenant will occupy the premises. This information is important
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in deciding how much it would be possible to invest in efficiencies. The payoff period
of a retrofit cannot be longer than the lease duration. Finally, the third type of split
incentive relates to the utility company and the consumer. Energy companies make
their profit by selling energy, therefore is in their interest to sell more. At the same time,
some of these companies are required to incentivise energy efficiency, which is a
paradox that contradicts their main objective that is selling more energy. The study by
Bird and Hernandez (2012) concluded that the split incentive is responsible for the
highest degree of inefficiencies among the poorest part of society and if effectively
addressed it could save, in the US context, as much as US$1.2 billion per year (Bird
and Hernandez 2012).
Green Leases (GL) offer mitigation to different interests, and since 2006 have acted
as a framework to achieve and maintain EE and sustainability goals throughout the
lease term (Granell et al. 2017). They also develop joint environmental actions with
little or no involvement from the government, through the inclusion of clauses with
varying degrees of commitment. These clauses might range from ‘light-green’ which
demands a general duty to work together in environmental matters, to ‘dark-green’,
which are more ambitious and often impose specific environmental rating targets.
These dark-green clauses are not so commonly found, because of the risks of not
obtaining certification; therefore, the most common clause is data sharing (Wilkinson,
Sayce, and Christensen 2015).
Co-operation between tenants and landlords is increasing – mostly as a local initiative
to increase environmental accountability and opportunities. GL are adopted more in
the office sector than in retail, where they are still unusual, because this sector is very
sensitive to price. Evidence from a Sydney Better Buildings Partnership (BBP) study
suggests that Australia is leading the way in GL with more than 60% of the leases
signed in Sydney CBD containing green clauses; this has increased fourfold between
2009 and 2014 (Bright et al. 2015). GL are used by corporations as evidence of strong
leadership and concern about climate change; they also enhance their reputation
(Janda et al. 2016). However, more research is needed to measure the outcomes of
this adoption of GL because not all green buildings have green leases. There is
currently no international standardized method of classifying leases as ‘green’ (Janda
et al. 2016). Therefore, there is no requisite that might exclude this initiative being
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adopted by smaller commercial buildings managed by a small family business as a
measure to pursue sustainability and energy efficiency. In addition to this innovation,
in which the Australia Real Estate is leading, from 2006 the Energy Efficiency in
Government Operations (EEGO) policy standards mandate that all new government
leases of more than 2000m2 adopt a Green Lease Schedule (GLS) (Janda et al. 2016).

2.2.3.4

Financial incentives

Governments and non-governmental organizations have developed programs to
provide financial incentives for building owners willing to implement retrofits in their
buildings. Financial incentives can be provided in different forms, such as a loan with
special rates, or a loan with a longer term to repay (e.g. up to 10 years) (Wollongong
City Council 2013a), or even grants in the form of matching the investment made by
the owner in the retrofit. The financial stakeholders have a significant influence on all
the phases of a building’s lifecycle: planning, construction, management and
refurbishment stages (Lutzkendorf, Fan, and Lorenz 2011). This research interest is in
the financial incentives to implement retrofits.
In the US, Property Assessed Clean Energy (PACE) finance is used at the municipal
level to scale up to commercial property retrofit (Dixon 2014). In 2013, there were some
16 commercial PACE programmes, through which the property owner receives
financing support from a local government or from an approved financial institution.
This investment is repaid by an assessment added to the owner’s property tax bill for
a period of up to 20 years. In Australia, a similar financial incentive is the Environmental
Upgrade Agreement (EUA) (Blundel 2012), mentioned above, which is mandatory for
commercial buildings with an area of 2,000m2 or more, and for all buildings where there
is government occupancy. A financial incentive for implementing improvements that
focuses on buildings such as the ones in the SCRB sector is the Small-scale
Renewable Energy Scheme (SRES) (Australian Government 2018a). This scheme
assists businesses with the upfront costs of small-scale systems, in which the threshold
is 100 kW (Australian Government 2018a). The Energy Efficiency Opportunity Act
(Australian Government 2006), which ran from 2006 to 2014, was a program to
improve the identification of energy saving opportunities for larger customers.
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Policy makers typically offer financial incentives in very specific contexts, in which they
are considered to be effective in converting poor performing buildings into retrofitted
and better performing ones. While some incentives were in force for a limited period of
time, such as the Energy Efficiency Opportunity Act, others such as PACE in the US
are still in force with successful results. In Australia, the EUA is not in force in all states,
as explained in Section 2.2.3.2, but there is an evidence that local governments are
experimenting with new configurations to incentivise retrofits, reaching beyond the
typical parameters of their authority to deal with how carbon is being problematized
and acted upon (Dowling, McGuirk, and Bulkeley 2014; McGuirk, Bulkeley, and
Dowling 2014; Dowling, McGuirk, and Bulkeley 2013).

2.2.3.5

Product Labelling

As part of the Australian initiatives to reduce GHG and improve the performance of
construction components in the whole building industry supply chain, the
Environmental Product Declaration – EPD (2010) is a strategy that manufacturers use
to communicate the environmental impact and lifecycle of their products (Kohler and
Hassler 2012; Ball 2002).
Also in the Australian context are product labelling schemes such as CodeMark and
WaterMark, which are aligned with the NCC (National Construction Code)
requirements. The progressive implementation of CodeMark commenced in Australia
on 1st August 2017 to authorise new and innovative products and facilitate compliance
with Volumes One and Two of the NCC (Australian Building Codes Board 2015a,
2015b). The WaterMark Product Certification Scheme (WMCS) certifies plumbing and
drainage materials; it is managed by the Australian Building Codes Board as part of
the NCC (Australian Building Codes Board 2018). Another initiative is the Certificate of
Conformity (CofC) (Australian Building Codes Board 2019a) which, although recent,
has to date labelled products such as engineered timber, coating, windows (Australian
Window Association) and others.
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2.3 Terminology and operational definitions commonly found in the
specialised literature of upgrading
The vast range of terms referring to construction works in the legislative framework
and academic publications cause confusion, even among professionals (PerezLombard et al. 2009). This may hamper the upgrading process because of a lack of
common understanding and the possibility of misinterpretation, as discussed by
several authors (Dixon 2014; Dixon, Britnell, and Watson 2014; Konstantinou 2014;
Giebeler, Krause, and Fisch 2009; Vilches, Garcia-Martinez, and Sanchez-Montañes
2017; Wilkinson 2012). These notions are critical in structuring assessment methods
and identifying which upgrade levels should comply with the major works requirements
(European Parliament 2010). An attempt to organise, rank, and give meaningful
application to these terms is contained in Table 2-3; it compiles, revises, refines,
expands and exemplifies some of the terms that are commonly used in specialised
literature.

Table 2-3 Types of intervention, exemplified in existing buildings, according to the
most common terms in the specialised literature
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Source: Giebeler, Krause, and Fisch 2009; Dixon 2014; Vilches, Garcia-Martinez,
and Sanchez-Montañes 2017; Konstantinou 2014.
Table 2-3 describes the range of levels of intervention in a building, but since these
terms are often used indiscriminately, they can be a barrier to the implementation of
upgrades.
This research adopts the term ‘upgrade’ to mean any work done to a building to
improve its overall performance and functionality by using recent technology. The term
‘retrofit’ refers to building upgrades that result in significant energy improvements in
existing buildings. There is evidence that a standard upgrade can improve
performance by 20% to 30% retrofits by 50% to 70% (Dixon 2014). This term is used
in this research to express the expected or desired condition of improved performance
a building should achieve, through the implementation of the best technology and best
practice available.
Each term has an implicit idea of the extent to which an adaptation is implemented to
existing buildings. Therefore, adaptation, as an overarching term, is understood as the
set of actions implemented to the built environment to address the challenges of
sustainable development in the face of Climate Change (Wilkinson and Reed 2010).
Thus, adaptation is an instrument to achieve sustainability in the building stock,
considering the particularities of time, which means that an adaptation that is
considered sustainable today, might not be as sustainable over time, when the context
changes and the needs are not the same (Wilkinson 2014).

2.4 Performance in the building sector
It is estimated that 90% of the Australian building stock was built before any
environmental legislation existed (Wilkinson 2012; Graeme 2008). A large number of
existing buildings and their potentially poor performance suggests that upgrading might
help to mitigate emissions sufficiently to meet the national goals, while improving the
quality of the local built environment. Previous research supports this potential to
reduce emissions by upgrading existing buildings (Wilkinson, James, and Reed 2009;
Bullen and Love 2011a; Lee, Hong, Piette, et al. 2015; Baird 2015). Globally, the
average rate of replacing buildings with poor performance with more efficient ones
fluctuates between 1% and 2% per year depending on the country (Konstantinou and
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Knaack 2013; Dixon, Britnell, and Watson 2014). At this rate, the greenhouse gas
(GHG) reduction target will not be met by 2050. In this context, the building sector has
an important role in reducing emissions to protect the population from adverse climate
changes. As such, in order to accelerate the pace of renewal and improve the
performance of the building stock, the public policy framework related to the building
industry should push towards new boundaries.

Factors influencing building performance
The concept of performance applied to the building sector might vary slightly according
to the tools and indicators used during evaluation. The main factors influencing building
performance can be related to the characteristics of the physical building, the systems
installed in it, and the profile of the occupants. Each of these aspects can be broken
down into parameters that can be measured and evaluated according to specific
needs. Despite the stringent building regulations and the implementation of energyefficient technologies, occupied new buildings often fail to achieve the energy
performance intended in the design phase (Zou 2018; Zou and Alam 2020). This
common mismatch between the predicted (e.g. calculated or simulated) energy
consumption of a building and its actual measured performance realised over the year
is known as the ‘energy performance gap’ (de Wilde 2014; Coleman 2018; Zou et al.
2018).
Prediction methods for building energy performance have existed since the 1960s,
however, evidence of the energy performance gap only started to appear in the
literature since the end of the 1990s (Calì et al. 2016). The energy performance gap is
typically rooted in one or more of the three stages of a building production: design,
construction, and operational phases (Coleman and Robinson 2018; de Wilde 2014;
Zou et al. 2018; Zou and Alam 2020). The root causes in the design phase include but
are not limited to miscommunications about performance targets, building regulations,
the over-specification of systems, and the uncertainty about the specific building use.
In the construction process, the causes might be due to onsite construction not being
aligned with design specifications; lack of experience of the contractor; poor quality of
workmanship and improper construction technique; and inadequate handover to client
(Zou et al. 2018). During the building occupancy phase, the occupants’ behaviour is
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considered the major contributor to the energy performance gap in buildings, due to its
complexity, which is difficult to predict. Additionally, misuses of engineering systems
(Calì et al. 2016) such as domestic hot water, cooling and heating systems are
amongst the most common causes in the occupancy phase.
When a proportion of the energy savings from a retrofit is compensated by additional
energy use, it is known as the rebound effect (Calì et al. 2016). The rebound effect can
be direct, when an energy service becomes more efficient and therefore cheaper for a
user, this service will be in higher demand than before. The indirect rebound effect
implies that a user saves money for a certain service that becomes cheaper thanks to
technology development that makes a service more efficient (Calì et al. 2016; SunikkaBlank and Galvin 2012).
Sunikka-Blank and Galvin (2012) observed that the energy consumption of existing
non-refurbished buildings tends to be lower than the calculated consumption using the
energy pass calculation methods (Calì et al. 2016). They named this the prebound
effect, which indicates how much less energy is consumed than expected. In face of
this, they recommend adopting the real energy consumption when evaluating the
benefits of retrofitting such buildings (Calì et al. 2016; Sunnika-Blank and Galvin 2012).
Coleman and Robinson (2018) introduced a social analogue approach to the energy
performance gap: the qualitative performance gap. This approach compares the
expectations of occupants before occupying a building and what is in fact lived in terms
of sustainability practices, healthy productivity, and wellbeing after occupation.
(Coleman and Robinson 2018; {de Wilde, 2014 #4420}).{de Wilde, 2014 #4420}
In the previously detailed approaches to establish the performance gap, it is evident
that the performance gap emerged following the introduction of both building
regulations for energy efficiency and the methods used to model energy performance.
It is therefore inherent to more contemporary buildings that have been designed to
meet regulations, and it conceptually relates to the design and simulation of new
buildings in the process to improve their performance. Considering that the buildings
focused upon in this research are existing buildings, for which there is a lack of
documentation about the construction process and refurbishment implemented over
time, the performance gap is of limited relevance. Moreover, simulating and modelling
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buildings as a strategy to improve their performance, requires field work such as
monitoring to provide relevant data to be processed. The costs of the fieldwork and
further desktop analysis is unlikely to be viable for most of the occupants of the smaller
commercial and retail buildings in regional centres.

2.4.1.1

Physical building

Building performance is largely conditioned by the building materials, construction
techniques, orientation and envelope design. New buildings can benefit from an initial
design discussion to pursue a sustainability condition (certified or not). Sustainability
measures incorporated in the design of the retrofit of a building might contribute to
improvement in performance, however, they might not be expected to return the same
level of performance that is possible with a new building.
The existing building structure, especially its exterior envelope, is responsible for
mitigating the impact of adverse climate conditions and providing a comfortable
interior. This is why evaluating the thermal performance of buildings is based on its
physical response to climate. Building components such as windows and roofs, and
artificial systems such as lighting and heating, ventilation and air conditioning (HVAC)
are responsible for the overall performance. The use of thermal capacity to stabilise
internal temperatures makes the building performance less sensitive to occupants’
behaviour.

2.4.1.2

Building age, obsolescence and depreciation

The understanding of building performance includes measurable attributes such as
durability, moisture management, energy efficiency, indoor air quality (IAQ), structural
performance and thermal comfort (Wilkinson 2011). Buildings decline in value with the
passage of time due to weathering, no matter whether they are in use or not. The
physical deterioration can be managed and slowed by programmed maintenance.
Building obsolescence is a measure of a lack of utility or function relative to the
conditions prevailing in the population of similar building stock (Wilkinson 2011). This
measure changes across time and can occur even to buildings in good physical
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condition. Bird and Hernandez (2012) identified three types of obsolescence in the
building sector: physical, functional and economical. Building performance differs from
obsolescence in that obsolescence relates to the value of use (Bruce et al. 2015). Even
if a building is brand new, a change in the requirements or the expectations of the
occupant can make this building obsolete. In this regard, a fourth type of obsolescence
(Reed and Warren-Myers 2010) is proposed, which is related to sustainability assets.
At this point, performance and obsolescence might overlap. There is an increasing
awareness about sustainability in buildings, especially among corporate offices. A lack
of assets such as efficient lighting and/or HVAC can cause a building to be perceived
as not appropriate and lose its value of use. Thus, the rental value of this building is
depreciated because of expectations that the building has sustainability assets, which
is becoming the mainstream requirement for office buildings (Reed and Warren-Myers
2010; Wilkinson 2011). Commonly, such buildings continue to be occupied and rented,
but below the expected satisfaction and at a lower rental, and to a different type of
tenant (Reed and Warren-Myers 2010; Wilkinson 2011).
One of the reasons why buildings are intensive in energy consumption during the
operational phase is that the performance of a building and its components degrade
over time (Li, Han, and Xu 2014). Obsolescence and depreciation are commonly
associated with older buildings, and although they are intrinsically related concepts
(Baum 1993), they are not synonyms. ‘Obsolescence’ results from a change in the
requirements or expectations regarding the use of a building (Iselin and Lemer 2014).
Building obsolescence is related to the service-life of building components or systems
and it is a measure of the lack of utility or function relative to the prevailing conditions
(Wilkinson 2011; Iselin and Lemer 2014) that affect every building. Barras and Clark
(1996) identified different types of obsolescence such as social, functional, economic,
legal, physical, aesthetic and technical. Later, Reed and Warren-Myers (2010)
suggested that the lack of sustainable features demanded by the market might be a
new type of obsolescence.
‘Depreciation’, or loss of value, is an accounting term that might or might not result
from building obsolescence. Older buildings become less valuable than equivalent new
buildings as a result of wear and tear and changes in technology (Baum 1993; Reed
and Warren-Myers 2010), or other aspects not related to building obsolescence. Baum
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(1993) points out that even an obsolescent building can have its value increased
because of aspects other than the building itself, such as its location. This led to the
conclusion that depreciation, rather than obsolescence, is more likely to trigger
upgrades in existing buildings. These are complex concepts that might be useful to
explain the attitudes of stakeholders towards upgrading older building stock (Hall
2014).
There is no consensus in the specialised literature on the age range when depreciation
is most severe, or how it influences the value of a building (Costello 2012). There is no
direct relationship between the age of a building and its degree of obsolescence, which
is directly related to the maintenance regime. Aksoezen et al. (2015) affirmed that the
age of a building has no influence on its energy performance, however, a recent study
by Dadzie, Ding, and Runeson (2017) pointed out that buildings that are between 16
and 30 years old are more likely to be upgraded due to their similarities with new
buildings. Thus, to connect EE to the age of buildings means considering the level of
maintenance. While obsolescence is more likely to be related to maintenance practices
and the upgrade regimes the building undergoes (Aksoezen et al. 2015), it is also
linked to material specification, and the location and design (Grover and Grover 2015).
Associating depreciation with patterns of obsolescence (Bruce et al. 2015; Dixon 2014)
may help to identify stakeholders’ behavioural patterns and their effects on building
service-life and critical performance, to further identify the potential drivers to upgrade.

2.4.1.3

Ownership and occupancy profile

The ownership status of a building can be public or private, with sole or multiple owners
such as in Real Estate Investment Trusts (REIT) (Ernst and Young 2014), where
professional investors are commonly found amongst the commercial building sector.
The type of ownership does not define the performance of a building, it only defines
whether the building is a speculative construction or not. Investors are typically
interested in the long-term benefits of retrofit compared with the initial investment
appeal. Institutional owners invest to maximise the returns and are more likely to seek
advice from professional consultants (Lutzkendorf, Fan, and Lorenz 2011). Private
owners may hold a property for their businesses, for future development, for rental
income, or for capital growth. A survey of large commercial buildings carried out by the
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City of Melbourne found that institutional owners led the upgrades from 2010 to 2015
with 55% of upgrades complete or on course, whereas private owners only
represented 36% (City of Melbourne 2015). Although the ownership split might vary
from larger commercial buildings to the SCRB, it is likely that the percentage of private
ownership is higher than investors such as REITS (Ernst and Young 2014), and their
engagement in upgrades is lower than in larger buildings. It was not possible to identify
the owner-tenant split in the Australian building stock, but it is known that in the UK,
tenant-occupied commercial buildings are 51% of the commercial building stock (Dixon
2014). Different stakeholders’ interests regarding upgrading are commonly a barrier
for uptaking this process.
The type of occupancy can affect the upgrading process because of the funds needed
(Swallow 1997; Wilkinson 2011), or the type of lease involved, or even because of
attitudes towards building maintenance. The number of occupants, occupancy
schedule, the system technology and the kind of appliances, understanding of building
functionality and awareness of its environmental performance may influence building
performance. Whether it is a sole- or a multi-occupied tenancy determines the need to
reach a consensus during the decision-making process because the opportunities to
upgrade at the end of a lease are higher in a single tenanted building than in multitenanted one, due to the multiple contract end-dates. The type of occupancy also
indicates the possibility of the occurrence of a dispute of interests, which in the rental
market is known as ‘split incentive’, as explained in Section 2.3.3.3.
The IPCC indicates that for developed countries, the scenarios indicate that lifestyle
and behavioural changes could reduce energy demand by up to 20% in the short term
and by up to 50% of present levels by mid-century (Ottmar et al. 2014). Despite this,
Ruparathna, Hewage, and Sadiq (2016) stated that improving the EE of an operational
building has a predominant focus on technical advancements, whereas approaches
such as changes of the behaviour of occupants have largely been overlooked.

2.5 Characterisation of the building stock
As introduced in Chapter One, most existing research on the commercial building
sector (e.g.Farrou, Kolokotroni, and Santamouris 2012; Ng, Gong, and Loveday 2014;
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Mavromatidis, Achab, and Shahb 2013; Santoli et al. 2014; Wilkinson 2011) has
focused on larger buildings. This current research aims to address this gap in the
knowledge and focus on the SCRB to identify how and to what extent this sector differs
from larger commercial buildings, and to establish the characteristics and boundaries
of this building sub-sector. This means the characterisation processes and methods
are an important part of this research.
Large institutions such as the Property Council of Australia (PCA), Jones Lang Lassalle
(JLL), and Pitt and Sherry, study building stock to inform public policies and assist with
investment, so they focus on high-level aggregated data to produce the information
they need. For example, the 1200 Buildings Melbourne Program (City of Melbourne
2015, 2013) studied the level of retrofit activity in the municipality by asking building
owners and managers, and facilities managers, about current and past retrofits,
including any intentions to undergo retrofits. Another example is the study of building
demolition or building mortality patterns that provide ‘new insights into the lifespan
behaviour of buildings according to their period of construction (cohorts) as well as the
reasons for demolition’ (Aksoezen, Hassler, and Kohler 2016, p. 239). These studies
do not need detailed information from each building.
Advances in technology over the past decade allow for more detailed approaches to
building sprawl, especially in data collection and processing. The type, extent and
depth of data frameworks in these studies can vary with the purpose of characterisation
and the availability of resources such as the time needed to collect data (Österbring et
al. 2016). Some of the purposes and approaches frequently found within the
specialised literature are presented in the following section.

Approaches to data collection
Typically, there are two approaches for collecting data to characterise building stock.
The top-down approach uses aggregated information from the historical time series of
energy and CO2 emissions to analyse the relationships between the energy sector and
the larger economy (Kavgic et al. 2010). Top-down approaches are usually for the
purpose of taxation or statistical analysis to inform public policies at a macro scale (Pitt
& Sherry 2012b), and thus detailed physical aspects of construction such as floor
43

plans, building materials or construction techniques are not considered. Therefore this
approach is not ideal for answering the current research questions because it cannot
explain the energy performance at a detailed building level. The bottom-up approaches
aggregate system-level information from different sources or methods of data
collection as they strive to gather information from highly representative samples that
can be extrapolated to represent a larger stock (Aksoezen et al. 2015). Although
bottom-up methods need extensive data bases of empirical data to support the
description of their components, they can be useful in analysing the effectiveness of
policies and the efficiency of technological measures by end-users (Kavgic et al. 2010;
Hong et al. 2013). A bottom-up approach can better explain the cause and effect
analysis of energy performance and provide useful data to analyse changes in the
building stock. An associated analysis of large-scale energy consumption data with
details about physical buildings (morphological properties) of the building stock
increases our understanding of the current patterns of consumption. This approach
also enables an evidence-based identification of those building characteristics that are
likely to result in higher consumption levels (Aksoezen et al. 2015).
A great deal of attention has been given to developing robust top-down measures of
national,

trans-national,

and

global

sustainability,

establishing

generalised

frameworks, processes, indices and indicators for measuring sustainability. Top-down
assessments are considered to be formal methods (Hong et al. 2013), whereas
bottom-up assessments are usually locally grown at a sub-national, community or
municipality level. In both cases the performance assessment implies measuring predefined aspects to be compared against a declared set of criteria, to verify how well or
poorly a building performs (Cole 2010). There is a clear need to develop local datasets.

Characterisation methods and benchmarks
The commercial building sector is characterised by a variety of commercial uses.
These uses and other variables are commonly simplified when evaluating performance
to accommodate methodological procedures while the building is being assessed
(Leaman, Stevenson, and Bordass 2010). With this simplification, an important amount
of information is overlooked, but if this information is investigated it may identify the
causes of these barriers and provide an understanding of the dynamics pertaining to
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the upgrades in this sector. The benchmarks of these buildings are generated
according to interests, purposes, scope, methods adopted and resources available;
different methods are used to evaluate and compare building performance.
End-use characterisation identifies the activity being carried out inside a building for
planning or taxation purposes but it lacks the detailed physical aspects, so this
approach results in a dataset that contains the identification, location and total area of
the buildings.
A typological characterisation is based on building similarities so it is widely applied in
research. Typologies are used to reduce the complexity of building stock and detect
patterns to support decisions (Maru, Langridge, and Lin 2011). This approach
considers the physical characteristics of a building by taking measurements or by
remotely studying the plans and documentation (Russell and Ingham 2008). The
resulting benchmark has been successfully used to study mitigation actions associated
with typical annual energy consumption to evaluate the energy use intensity (EUI)
amongst typologies. EUI has been used for a long time to compare energy intensities
of similar building uses. An example of this type of characterisation is the Episcope
Project in Europe which produced TABULA (Loga, Stein, and Diefenbach 2016), a
typology approach for assessing the energy of non-residential building stock for
several non-residential building types, with data collected from five countries (Loga,
Stein, and Diefenbach 2016; Stein et al. 2012). Energy related typology may be of
limited use to enhance and develop the knowledge of building stock by the top-down
method, but it may prove useful to reach a typology analysis with data collected from
real buildings that are in use, rather than employing an idealised model. Another
example is the Building Energy End-use Study (BEES) (Amitrano et al. 2014), a New
Zealand database funded by the Building Research Association of New Zealand
(BRANZ) on the consumption of water and energy in non-residential buildings from
2007 to 2013. The scope ranges from small shops to high rise office buildings, so the
data was collected through a high level survey of buildings and businesses as well as
intensive monitoring of individual premises (Amitrano et al. 2014).
The National Non-Domestic Building Stock (NDBS) study, which was developed by the
UK Department of the Environment, Transport and the Regions (DETR) (Steadman,
Bruhns, and Rickaby 2016) ran from 1991 to 2001. It addressed the lack of statistical
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information about these buildings that is needed to support government policy making
with regards carbon dioxide emissions. The database was constructed from two main
sources: The Valuation Office of the Inland Revenue (floor area and construction
information for 1.3 million commercial and industrial premises), and surveys of nondomestic buildings (around 3,500 addresses) in four cities, summing approximately
four million square metres of floor space. Interior surveys were carried out in a subsample of these buildings to obtain detailed information about installed systems and
physical buildings. This mix of methods resulted in an overall database containing a
small amount of information about most premises as well as comprehensive data on a
smaller number of premises. This approach allowed studies to be carried out on the
plans of buildings and their glazing areas, that together have been used to estimate
the extent of naturally lit floor space, which has implications for energy use in lighting
and air conditioning (Shahrestani, Yao, and Cook 2013; Steadman, Bruhns, and
Rickaby 2016).
Carbon Reduction in Buildings (CaRB) in the UK studied domestic and non-domestic
buildings to identify patterns of energy use, and inform stakeholders involved in the
process of carbon mitigation in building stock. It adopted a trans-disciplinary approach
that focused on the social and technical aspects of EE (Lomas 2009).
Energy Epidemiology is a new approach to energy end-use demand that uses the
concept of metabolism applied to building stock. This innovative approach to research
on the energy demand for UK building stock uses a social model where users are
actively and unintentionally interacting with the energy system to ‘demand’ services
(Hamilton et al. 2013). It considers urban areas to be live organisms and compares the
renewal of building stock to an organic metabolic process, with existing buildings
having a life expectancy and a rate of survival (Aksözen et al. 2016). This research
studies the processes related to energy consumption within the building stock at a
regional scale. These examples of how building stocks can be characterised provide a
basis for the research design and methods presented in Chapter Three.

2.6 Building Performance Evaluation (BPE) in the commercial sector
Building Performance Evaluation (BPE) is a systematic assessment of a project
(designed or built) to determine its achievements in terms of objectives, efficiency,
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effectiveness, impact and sustainability. BPE tools provide a framework for assessing,
measuring and comparing building performance by applying a set of criteria that can
vary with the purpose of the tool (Nilashi et al. 2015). BPE has been used extensively
since the early 1990s to promote a deeper understanding of the behaviour of buildings
and support decisions regarding investment, specification, design and technology
during upgrades. These tools are invariably used as a mechanism for encouraging
building owners and designers to aspire to higher environmental performance while
addressing a much larger range of issues (Cole 2010). The consistent improvements
reflect the efforts being made to reduce the negative impact that some buildings have
on the environment. The assumption is that by continuously improving the
environmental performance of individual buildings, there will be an overall reduction in
resource depletion and ecological loadings caused by the building industry, and the
wider environmental goals will also be achieved (Darus et al. 2009).
There are tools within this framework for specific end-uses such as schools or offices,
and there are tools to evaluate building elements and systems such as windows or the
lighting system. However, most of the effort exerted so far to evaluate the performance
of buildings has been studies of non-domestic buildings such as offices and
educational buildings (Leaman, Stevenson, and Bordass 2010).
InnovateUK and the Building Data Exchange presents the results from the BPE
Programme carried out from 2010 to 2014 (Palmer and Armitage 2014). The
programme has a comprehensive approach, providing evidence of the performance of
48 projects with 56 non-domestic buildings. From these, 50 buildings were assessed
by analysing actual energy-use data and design documents that were part of planning
applications. The precise data varied between projects because some buildings did
not record every detail (Palmer 2016). It is important to note that the set of buildings is
very different from the buildings targeted in this research. Only three buildings are
smaller than 1,000m2, from these, two are public service and only one is an office
premise, which is Passive House Certified. Also, the majority are new buildings, with
only three of the 48 buildings in the broader study being existing buildings that went
through retrofits (Palmer, Terry, and Armitage 2016).
Along with the differences in the physical aspects of the buildings, it is also relevant to
consider the differences in the occupancy profile in the small commercial and retail
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buildings (SCRB) targeted in this research. In these buildings there is an absence of a
facility manager who is aware of building maintenance practice, often there are no
resources to invest in thermography or in-situ transmittance equipment (Palmer, Terry,
and Armitage 2016) and trained professionals to identify potential improvement areas.
Therefore, the approach to the SCRB sector has to be the low cost or no cost
strategies, so as to provide feasibility to retrofits in these buildings.
The methodology adopted in BPE studies can be applied according to the needs; it
can assess a whole building, the base building, a tenancy, and it can even evaluate a
service system. Every case should follow tested and standardised procedures to
guarantee transparency and credibility. The protocol from the US Green Building
Council (USGBC) for Performance Evaluation establishes three levels of assessment
- Basic, Intermediate, and Advanced – and defines the purpose, methods of
measurement, items to be measured and the benchmarks for each one to compare
the results (United States Green Building Council, American Society of Heating
Refrigerating and Air-conditioning Engineers, and Chartered Institution of Building
Services Engineers 2010). The basic level is indicative and should be accessible to all
buildings with less intrusive techniques, the intermediate level is diagnostic and it is
designed for claiming sustainability or higher energy performance in buildings, while
the advanced level is carried out to investigate a specific system or component where
an issue was found (American Society of Heating Refrigerating and Air-conditioning
Engineers 2010).
BPE can be carried out for purposes such as the evaluation of water and energy
consumption, or thermal and lighting comfort. However, a focus on evaluating energy
consumption tends to be the primary reason for using BPE (Borgstein, Lamberts, and
Hensen 2016). According to the aspect of the building being evaluated and the purpose
of the evaluation a specific indicator is adopted. Table 2-4 presents the aspect of the
building evaluated, the sources of data or information to evaluate performance and the
indicator commonly adopted. Where there are aspects of the buildings that admit more
than one indicator, the purpose of the evaluation determines which should be adopted.
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Table 2-4 Typical indicators of performance
Aspect
Water use

Source of information/data
- water utility bills and costs;
- total water used to date;
- total costs of building and occupancy data;
- annual consumption per occupant
- consumption per building area

Indicator of performance
litres/month or litres/year or
litres/person or
litres/year/person
litres/m2

Thermal
comfort

- analysis of complaint logs;
- occupant surveys and operator surveys;
- spot measure of thermal environmental (temp
humidity and mean radiant temperature air
speed), real-time measures

Light quality

- determination of occupants’ satisfaction with
lighting;
- rating satisfaction with benchmarks of
previously measured buildings;
- identification of problems with lighting and
clues to the causes using occupants’
responses to diagnostic questions;
- spot measurements of illuminance in
represent spaces (working areas including
reflectance of interior surfaces lamp types and
ages and operating voltages
Analysis of samples from air and finishing
materials.

Number of satisfied/
dissatisfied people; Frequency
of complaints;
Onsite measured temperature
and humidity compared
against pre-defined standards
Number of satisfied/
dissatisfied people;
Number or Frequency of
complaints in a timeslot

Indoor Air
Quality (IAQ)

Air pollutants including gases
such as carbon monoxide
(CO), carbon dioxide (CO2),
sulphur dioxide (SO2),
nitrogen oxides (NOx),
Particulate matter (PM) of
various sizes
An array of organic
compounds (particle and/or
gaseous phase), i.e. volatile
organic compounds (VOC)

Sources: United States Green Building Council, American Society of Heating
Refrigerating and Air-conditioning Engineers, and Chartered Institution of Building
Services Engineers 2010, pp. 5-6; American Society of Heating Refrigerating and Airconditioning Engineers 2010, 2011a; Amitrano et al. 2014; Kumar et al. 2016.

The major factors that are typically analysed to determine a building’s performance
are: i) climate, ii) building envelope, iii) building services and energy systems, iv)
Operation & Maintenance, v) occupants’ activities and vi) Indoor Environmental Quality
(IEQ) (Wang, Yan, and Xiao 2012). An important component of IEQ is the Indoor Air
Quality (IAQ), which can easily be correlated to health and wellbeing as relevant
aspects of the social dimension of sustainability in buildings. (Meir et al. 2009). Air
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pollutants such as PM and VOC generated by internal sources might impact the
occupants (Kumar et al. 2016). Air pollutants can be measured by sensors installed in
the interior of the premises. However, despite the increasing number of low-cost
sensors available on the market and the reduction in the barriers to implementing
monitoring from new methods for sensing (Kumar et al. 2016), it is still not a common
practice in the SCRB sector. The complexity of IAQ analysis and potential
improvements to the buildings that might be generated from this type of indicator make
IAQ not a priority indicator in the context of this research.
The criteria to be considered and the approaches vary according to the objective of the
assessment, but typically focus on the technical and environmental aspects of
sustainability such as EE, and water and waste management, while the economic and
the social aspects are largely overlooked (Wang and Zhai 2016). Recent
improvements in BPE tools indicate a shift to introduce social and economic aspects
into the analysis to operationalise the evaluation of performance and apply it to a
physical building. Wang, Yan, and Xiao (2012) suggest three main components to
carry out a Building Performance Evaluation (BPE):
o the parts of a physical building as a set of engineered systems (e.g. structure,
fabric, envelope, lighting)
o the operation and maintenance (O & M)
o the occupants’ needs.
Assessing buildings assumes that enough information is available, either via onsite
measurement or a documentation analysis, but data from buildings is often difficult to
access due to privacy issues (Lee, Hong, Piette, et al. 2015), so calculations based on
existing data are carried out to fill in the existing gaps. Standard ISO 16346:2013
(International Organisation for Standardisation 2013) gives guidance for evaluating the
potential energy performance of a building, by calculated ratings based on building
design and systems installed, or measured ratings based on the performance of
energy in-use (International Organisation for Standardisation 2013). There are
protocols to evaluate building performance that aim to provide certification at the end
of the process, but these BPE tools generate their own benchmarks to rank, rate and
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certify buildings. The structure and components of these tools are explained in the next
section.

The structure of a BPE tool
BPE tools have been in use for almost three decades and have witnessed the
development and specialisation of a great variety of tools to address the performance
of buildings in their different uses and functionality, as demanded.
The structure of tools to implement evaluation processes is basically similar to all
evaluation tools because there are several categories and attributes, and some
commonalities. Typical steps include: assessment, evaluation, ranking, classification,
rating and certification. Not all categories will be found in all tools, especially those with
a very narrow target such as evaluating the performance of a system. Table 2-5
conceptualises the elements of the BPE process.
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Table 2-5 Conceptualisation of the Building Performance Evaluation Process
Step
Data collection
or assessment

Data analysis

Weighting

Classification

Ranking

Rating

Certification/
Labelling

Monitoring

Method
Onsite measurements on real buildings.
Documents and databases search and appraisal for
gathering relevant data.
Systematic and critical cleaning up, for data reduction
and organisation.
The choice of qualitative, quantitative or a mixed
approach is strongly related to the type, amount and
quality of data available, or to be pursued.
The magnitude of each component or service assessed
in the overall performance of the building. Generally, a
higher weighting means a higher likelihood of improving
performance. Although the attribution of weight can be
based on a sensitivity analysis, not all samples need to
be weighed.
Segmentation of a range of possible performance
results. Typically based on the cumulative frequency
distribution of energy consumption. Clustering
techniques classify buildings according to similarities, so
an energy savings representation would be more
realistic.

References
(Peersman; Swallow 1997)

Embody a scale of measurements as a basis for
allocating points that will translate the overall
performance score of a building.

(Khalil, Kamaruzzaman,
and Baharum 2016;
Chidiac et al. 2011)

Informs whether the indicator adopted is within range (or
something is wrong), identifies outliers, detects and
diagnoses savings potential. The aim is to drive user
preference when choosing a building. The overall
building performance is expressed in one final
magnitude that can be compared against a performance
scale that will be a baseline or a benchmark, as predefined by a method.

(Rajagopalan and Tony
2012; Lee, Hong, Sawaya,
et al. 2015).

Confirmation of the score of the potential performance of
a building according to pre-established criteria. Does not
grant sustainability, EE or effective high performance.

(Wu et al. 2014;
Rajagopalan and Tony
2012; Tam 2011)

Continuously informs the improvement processes. This
can be achieved by a periodical or continuous
commissioning of the building.

(Martin 2013)

(Amaratunga et al. 2002;
Borgstein, Lamberts, and
Hensen 2016;
Rajagopalan and Tony
2012)
(Ng, Cheng, and Wong
2013; Singh et al. 2012),

Rajagopalan and Tony
(2012)

The schemes can vary from country to country, regions within countries and climate
zones. Places might have different standards and approaches to evaluate building
environmental performance. The common overall goals across these schemes are not
place based, they are the reduction of energy consumption and the increase of
resource

efficiency

in

buildings,

while

‘minimizing

environmental

pollution,
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encourag[ing] implementation of innovative solutions and technologies for the
construction and operation of buildings’ (Krizmane, Slihte, and Borodinecs 2016, p.
96).

Types of BPE tools and examples
BPE tools can be classified as either design based, performance (in-use) based,
market based, and tools that can be used independently to evaluate a building
component or a service system (Borgstein, Lamberts, and Hensen 2016).

2.6.2.1

Design-based tools

These tools can evaluate the potential performance of a building based on its design,
so they are commonly used for design decisions and to specify technology that will
improve the potential performance of new buildings. In existing buildings these tools
can estimate the potential performance of an upgrade project and the level of
intervention needed. Simulations are used to predict the performance of the building
fabric and systems and to compare against a model building (Ding 2008). Designbased tools can save time and effort when collecting onsite data, but they do need high
performance computers and complex software to make predictions, and this requires
skilled personnel and a significant amount of time to gather and input data. Moreover,
gaining accreditation through these tools is highly dependent on accurate information,
which can be expensive, which is why design-based tools are more appropriate for
regulatory purposes because a benchmark or baseline can be compared (Aksoezen
et al. 2015; Zuo and Zhao 2014; Borgstein and Lamberts 2014).
Design-based tools such as LEED and Green Star are good at isolating the efficiency
of a building’s design and technology energy and service levels. Therefore, when
modelling, the operations and maintenance (O & M) aspect of the building can be
isolated from the two other dimensions of energy performance, their engineered
systems and occupant needs (Pérez-Lombard, Ortiz, and Pout 2008; Goldstein and
Eley 2014). However, LEED does not have methods for measuring or analysing energy
performance so it refers to ASHRAE and the EPA for this information (Deru, Blair, and
Torcellini 2005).
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A range of design-based tools are available. One example is the Leadership in Energy
and Environmental Design (LEED). This certification program was developed by the
United States Green Building Council (USGBC) and first launched in 1998 (Richards
2012). It verifies building design and strategies to achieve energy savings, water
efficiency, reduction in CO2 emissions, improvement in the internal air quality (IAQ)
and resources management. In Australia, the Green Star was launched in 2003 as a
rating tool for offices and is managed by Green Building Council Australia (GBCA)
(Green Building Council Australia and International Living Future Institute 2017). It
attributes points as nine categories such as energy, water, materials and land use are
evaluated. The Passive House Certificate for Retrofits (EnerPHit) is a standard and a
certification; it is an adaptation of the Passive House Standard used in existing
buildings, so it is already set into the Australian context. The Passive House Planning
Package (PHPP) v.9 was launched in 2015 and is applied to non-residential buildings
(Passive House Institute 2016). The Passive House Standard claims savings of 75%
to 90% in existing buildings by improving thermal insulation and airtightness, reducing
thermal bridges, and incentivising the use of high-quality windows.

2.6.2.2

Performance (in-use) based tools

These tools evaluate a building after completion and it typically requires 12 to 18
months of occupancy to start the evaluation process. These tools monitor actual
energy consumption to inform mitigation actions, frequency of maintenance and the
need for major works. This is highly dependent on onsite measurements and data
acquisition from the physical performance of building components and systems
(Borgstein, Lamberts, and Hensen 2016).
In Australia, the main in-use performance tool is the National Australian Built
Environment Rating System (NABERS) (New South Wales Office of Environment and
Heritage 2013), launched in 1998 in NSW as a voluntary scheme until 2011 (Bannister
2012). It is an Australian Federal Government initiative to rate the environmental
performance of buildings. It was initially designed for offices only, but Office Design v.3
includes versions for hotels and data centres. Since 2004 it has been a requirement
for many government departments when choosing which buildings they will occupy
(Bertone et al. 2016). NABERS is also required as part of other schemes such as the
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Property Council of Australia (PCA) Benchmarks for Office and Retail and the
Commercial Building Disclosure (CBD). The City of Sydney Council’s Draft Ecological
Sustainable Development Control Plan requires new or refurbished office buildings
with a net lettable area greater than 1,000 m 2 (Mitchell 2010). NABERS is often cited
as a driver for building retrofitting in Australia (Daly, Cooper, and Ma 2014) (Hall 2014;
Zou et al. 2016). However, this rating has been found to be insensitive to climate
change impacts (Daly, Cooper, and Ma 2014).
The Building Energy Quotient (bEQ) (American Society of Heating Refrigerating and
Air-Conditioning Engineers 2018) is a scheme by ASHRAE to assess ‘in operation’
buildings; this assessment includes a walkthrough audit to define opportunities to
optimise energy systems, assess the building envelope, the lighting, heating, HVAC,
domestic hot water; plug loads, and ventilation and compressed air (Pacific Northwest
National Laboratory and U.S Department of Energy 2011). It also focuses on metered
energy use over the preceding 12 to 18 months. This evaluation provides the owners
with building specific energy savings measures and the estimated costs and payback
information that can be used to improve the energy performance (American Society of
Heating Refrigerating and Air-Conditioning Engineers 2018).

2.6.2.3

Tools for design and in-use performance

Building Research Establishment Environmental Assessment Method (BREEAM) was
launched in 1990, and it now has a long track record in the UK as the Building Research
Establishment (BRE) (Ameen, Mourshed, and Li 2015). Points are awarded for each
criterion assessed, and this covers a range of building types (Mateus and Bragança
2011). BREEAM is the certification standard that has registered the longest period of
use for benchmarking within the UK building stock. The longevity and scale of uptake
suggest that it is an appropriate and useful tool that meets the expectations of the
stakeholders. The scheme for existing buildings was launched in 2015 for
refurbishments and fit-outs to support upgrading decisions during the design phase
(BRE Global Limited 2015). It attributes points to criteria such as external envelope,
structure and core, and local services, aiming to improve building performance and
reduce running costs.
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The Buildings Use Studies (BUS methodology) is a well recognised POE method,
which facilitates engagement to assess building data (Leaman, Stevenson, and
Bordass 2010; Baird, Leaman, and Thompson 2012; Cohen et al. 1999). It was
adopted in the PROBE study, in the UK (Bordass et al. 1999), and in the BEES study
in New Zealand (Amitrano et al. 2014). One of its strengths is the statistical analysis of
data collected, which requires a largest number that is reasonable available of
respondents per building assessed. Engagement in fieldwork was able to recruit one
occupant per building, which does not satisfy the requirements to use statistical
analysis as a method of analysis in this research.
The Soft Landings Framework was authored by Mark Way and Bill Bordass with
assistance from Adrian Leaman and Roderic Bunn of BSRIA. It helps to reduce the
tension during initial occupancy of new or retrofitted buildings. This aftercare includes
a long term monitoring and a POE to review the building performance over a period of
1 to 3 years of initial occupancy. Its core is a greater involvement of designers and
constructors with building an emphasis on the occupants to improving operational
readiness and performance in-use (Usable Building Trust 2014). The SCRB sector has
a large proportion of rented premises and ‘review of the fit outs by incoming tenants
does not form part of core Soft Landings activities’ and ‘difficult to maintain the
continuity that is the hallmark of Soft Landings’ (Usable Building Trust 2014) p 20).
Soft Landings requires a well structured documentation of works done and active
engagement of occupants. The SCRB sector presents a high tenants’ turnover rate,
and fit outs, which make it unfeasible to the purpose of this research.

2.6.2.4

Market-based tools

The sustainable buildings market to date is relatively small, but despite market size, all
new acquisitions of existing buildings need to consider sustainability issues (Muldavin
2010). Tools developed by the real estate industry (Colliers International 2014) tend to
focus mainly on rating office premises according to the business-related features and
amenities that are not addressed in traditional BPE tools, such as those previously
mentioned. The occupant satisfaction and the whole building assessment are focused
on tools such as the Global Reporting Initiative or the IPD Environmental Code, which
have particular influence on the real estate decisions of tenants and owner occupants.
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They feature market acceptance aspects, such as location, aesthetics, tenant retention
and return on investment and payback period, rather than the technical/engineered
aspects of construction (Muldavin 2010).
They are used to monitor the value of assets in real estate portfolios to inform property
investors, in a similar way to the Property Council of Australia (PCA) rating system
which fits the category of a market-based tool (Property Council Australia 2000). The
PCA Benchmarks for Office and Retail address the market performance of buildings
with a net lettable area (NLA) larger than 2,000m2, which are required to achieve at
least three Green Stars. There are also regular reports (such as (BIS Shrapnel 2015),
that although having no rating or labelling, are considered a reference in the Real
Estate industry.

2.6.2.5

Sole systems or construction components

There are tools that are flexible enough to allow the performance evaluation of a sole
service system or construction element when applied independently.
Examples are NABERS Waste for Offices (Mitchell 2010), which measures the amount
of waste per person during 10 consecutive working days; the Tenant Lighting
Assessment (TLA), which measures the Nominal Lighting Power Density (NLPD) of a
tenancy (Energy 2016); the Window Energy Rating Scheme (WERS) (Australian
Window Association 2017); and the WaterMark Product Certification Scheme (WMCS)
(mentioned above in Section 2.2.3.5), which certifies plumbing and drainage materials
and is managed by the Australian Building Codes Board as part of the National
Construction Code (Australian Building Codes Board 2018). These tools are useful to
evaluate the performance of a system when there is no need or no resources to
comprehensively evaluate building performance.

2.6.2.6

Other building performance evaluation tools

One example is Green Globes for Existing Buildings - Small Offices, which covers six
environmental assessment areas. It adopts online tools and certified assessors to
deliver their judgement on an onsite project to the building team, to achieve cheaper
and faster processes (Green Buildings Initiative 2018).
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Another example is the Living Building Challenge – v3 (LBC), which has innovative
and highly restrictive prerequisites such as social justice, cultural richness and an
ecologically restorative environment. These prerequisites may push the building stock
to set a higher bar (Hampton and Clay 2016), so it is more likely to fit new buildings
than existing ones (Krizmane, Slihte, and Borodinecs 2016). The Living Building
Challenge can be applied to any project in any climate anywhere around the world,
and is considered more rigorous than LEED and BREEAM (International Living Future
Institute 2016). It consists of seven performance categories, called petals, which are
Place, Water, Energy, Health and Happiness, Materials, Equity and Beauty, which are
accounted for real buildings in a set of twenty imperatives (Green Building Council
Australia and International Living Future Institute 2017; International Living Future
Institute 2016).

Summary of the BPE and rating tools in the commercial sector
Building Performance Certification tools have been in use for almost three decades,
since the release of BREEAM in the early 1990s (Perez-Lombard et al. 2009).
Commercial buildings undergoing a performance evaluation are usually larger
buildings with a corporate occupancy, or shopping centres, but they seek more than
the benefits of improved performance; they want certification because this is a major
achievement for corporate buildings due to the benefits it delivers to the market. These
purpose-built more modern commercial buildings are characterised by highly glazed
façades and enclosed air conditioned spaces where electrical and mechanical heating,
cooling and ventilation systems guarantee occupant comfort. These features also
imply a high energy demand which makes them a priority for upgrading, and this is
why many assessment tools have been designed to meet the needs of larger buildings
rather than smaller ones. The growing complexity and maturation of globally
recognised standardised sustainability assessment tools still fail to mitigate the need
for locally applicable measurement tools because they are often poorly adapted to the
community and to the reality and needs of local government, as well as being difficult
to engage in the local process (Cole 2010). These limitations pose a common dilemma
when choosing a starting point to evaluate building performance.
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Energy certification schemes for buildings are essential to improve EE, optimise
energy consumption and enable greater transparency with regards to the use of energy
in buildings (Perez-Lombard et al. 2009) because they are the basis for making any
decisions, especially with regards to enhancing EE (Wang, Yan, and Xiao 2012).
However, building managers might decide to go through all of the evaluation process
to better understand the performance of the building, without going through the
certification process to avoid the initial and continual cost of certifying the building over
time. These buildings are known as ‘certifiable buildings’ rather than ‘certified
buildings’, which means they have a performance that could be certified though they
are not certified (Yudelson 2016). An evidence of this practice is stated in the latest
report from the Innovate UK ‘Building Performance Evaluation Programme: Findings
from non-domestic projects’ where a quote from the Eli Lily Research Office says that
‘full certification was not pursued since the sustainability credentials of the building
were considered to be achieved in its own right’ (Palmer, Terry, and Armitage 2016, p.
24).
The adoption of BPE tools such as LEED, NABERS (New South Wales Office of
Environment and Heritage 2017), and Green Star (Green Building Council Australia
2013) usually requires engaging a qualified professional to carry out the assessment
process. Some schemes offer a self-assessment or an online pre-assessment, such
as Green Globes (Green Building Inititative 2018) and Living Building Challenge
(International Living Future Institute 2016). This type of assessment facilitates the
uptake of evaluations of part of the potential targeted buildings.
Most assessment processes in recognised certification schemes are carried out by
trained and accredited professionals. Accreditation can therefore be costly and
restrictive for smaller business and building owners (Rios, Parrish, and Chong 2016).
As such, it may indicate why these tools are designed for corporate and institutional
buildings, which in theory can afford the cost of the assessment.
Despite the likely inadequacy of existing rating tools for SCRB buildings, it is possible
to learn from them because in-use performance evaluation helps an existing building
in the SCRB by highlighting how much effort should be made in an upgrade and on
which elements of the construction to focus. Furthermore, a design tool might be
helpful to inform a decision about which strategy to follow during an upgrade.
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Consumption patterns in the commercial building sector
Energy use in the retail sector is estimated to produce approximately 2.52% of
Australia’s total GHG emissions in 2020, due to the energy consumed in heating,
cooling, lighting and appliances. In 2020, it is expected that the retail sector will account
for approximately 28% of energy to be consumed in existing commercial buildings in
Australia, followed by offices (20%) and education (11%) (ClimateWorks Australia
2011). The Quarterly Update of Australia’s National Greenhouse Gas Inventory
(Commonwealth of Australia 2018c, 2018b) reports that the 4.6 Mt CO2 increase in
emissions over the year to September 2018 reflects increases in emissions from other
sectors such as industrial processes and waste sectors. The sectorial trends since
1990 show that Australia’s emissions have decreased by 6.1% (34.8 Mt CO 2), reaching
536.0 Mt CO2 in the year to September 2018. Declines have been experienced in the
land use, land use change, and forestry and agriculture sectors. In the electricity sector,
emissions peaked in 2009 and have fallen by 14.8% since then (Keep Australia
Beautiful 2018). The mild Australian climate, compared to other developed nations,
requires less energy to heat and cool buildings, but low energy prices have led to
inefficient equipment and building envelopes. Therefore, any energy saving
opportunities in the commercial building sector are driven largely by EE improvements
to the built environment (ClimateWorks Australia 2011). The Centre for International
Economics estimated that, in Australia, approximately 360 million square metres of
floor space of commercial buildings consumed about 231 PJ of energy in 2016. This
consumption accounts for three quarters of total energy consumption in the
commercial industry or nearly 4%t of total net energy consumption in Australia.
Commercial buildings are therefore an important part of the nation’s energy efficiency
policy. (Centre for International Economics 2019; The Centre for International
Economics 2019). While it is difficult to find figures on the consumption of the
commercial building sub-sectors, there are a few studies that provide some numbers
for buildings with similar areas as the ones in the scope of this research:
The Building Energy End-use Study (BEES) (Amitrano et al. 2014) analysed the
commercial building sector in New Zealand from 2007 to 2003. The aim was to
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understand the use of energy and water in non-residential buildings. This study
revealed that offices have an average electricity consumption of 186 kWh/m2/yr; while
the retail sector has an average 176 kWh/m2/yr; and other BEES buildings have an
average electricity consumption of 153 kWh/m2/yr (Amitrano et al. 2014).
BEES studies concluded that total energy use is strongly related and linear with
building size; the larger the building more energy it consumes. The study also found
that very large buildings represent only 20% of the building stock while the other 80%
is comprised of buildings with less than 9,000m2 of floor area. Although the very large
buildings will offer greater individual opportunities for promoting improved energy
efficiency, the other buildings representing 80% of the floor area and hence significant
energy use are likely to require a different range of efficiency options.
The buildings sampled in the BEES study are very complex and diverse. The average
energy use per square metre is estimated to be 203 kWh/m2/year including electricity
and gas.
A study on the energy aspects and ventilation of food retail buildings in the UK (Tassou
et al. 2011) revealed the average sales area of retail food convenience stores to be
between 80 m2 and 280 m2, while the annual electricity consumed by hypermarkets
varies from a minimum of 700 kWh/m2/year to a maximum of 2000 kWh/m2/year. This
wide variation is due to the business practices and equipment used. Larger retail food
stores with an area ranging from 280m2 to 1,400m2 have an electricity consumption of
over 2,000 kWh/m2/year, while stores with areas ranging from 5,000 m2 to 10,000 m2
have an average electricity consumption of 700 kWh/m2/year (Tassou et al. 2011).
Table 2-6 organises this information.
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Table 2-6 Electricity consumption according to food retail storage area
Type of food store

Sales area

Annual electricity consumption by
area

Retail Convenience

80 m2 to 280 m2

Minimum of 700 kWh/m2/year
Maximum of 2000 kWh/m2/year

Large retail
Supermarkets
(mid-range stores)

280 to 1400 m2

Over 2,000 kWh/m2/year

Superstores

1400 m2 to 5000 m2

Average 920 kWh/m2/year

Hypermarkets

5,000 m2 to over 10,000 m2

Average 700 kWh/m2/year

Source: Tassou et al. 2011.
The information summary in Table 2-6 shows a complex pattern. Comparing mid-range
stores to the larger hypermarkets, there is evidence that the consumption per unit of
area increases as the sales area decreases. This behaviour is due to the management
practices of larger stores as well as their control systems and sub-metering (Tassou et
al. 2011). Therefore, the electricity consumption of food retail stores is not linear with
floor area. So this might indicate that different benchmarks are needed even within a
single business class.
Gas is normally used for space heating, domestic hot water and in some cases for
cooking and baking. Consumption varies from 0 kWh/m2 per year in smaller stores
without gas, to over 250 kWh/m 2 per year in hypermarkets, but it can reach 800
kWh/m2/ year in some stores (Tassou et al. 2011; Kolokotroni, Tassou, and
Gowreesunker 2015).
Regarding water consumption in office buildings, Amitrano (2014) found that the
median water use was of 0.46m3/year.m2 and that increased water consumption is
linear with an increase in building area (Amitrano et al. 2014).

2.7 Indicators of building performance
The indicators adopted in BPE include the basic characteristics for performance
identification and comparison, the end-use or cost per unit for annual energy and costs
indices, and the fuel, peak demand values and details for the annual whole of building
energy use and costs (American Society of Heating Refrigerating and Air-conditioning
Engineers 2010, p. 5). The techniques used to assess information from buildings and
the type of data available are closely related to the type of indicator used to evaluate
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performance, so they might vary according to their purpose. Some of the commonly
used indicators of building performance are listed in Table 2-4, in Section 2.6, as well
as the related aspects being evaluated and the sources examined to achieve data.
The performance indicators can be proposed according to the purpose of the
evaluation, how ‘performance’ is perceived, the availability of data and the resources
to obtain them. These resources include but are not limited to availability of trained
personnel, and time to assess buildings, among others needs that vary with the
purpose of the evaluation (e.g. Dejaco, Cecconi, and Maltese 2017). The approach to
measurement is often based on the perception of individuals involved in the process
of measuring and evaluating (Bell and Morse 2008). A good indicator is action-focused,
measurable, simple, and important to the organisation and/or stakeholders. The FAIR
Guiding Principles for scientific data management and stewardship (Wilkinson et al.
2016) aims to enhance the reusability of data produced and used by a diverse set of
stakeholders. The FAIR Acronym stands for Findability, Accessibility, Interoperability
and Reusability, and they are recommended to be applied not only to data itself but
also algorithms, tools and workflows adopted to access or generate data. This
guidance is useful in selecting indicators to benchmark the performance of the SCRB
in this research.

The Energy Performance Indicator (EnPI)
Energy saving potentials vary as a response to the building materials, geometry and
maintenance regime. A common indicator of EE is EUI (Energy Use Intensity)
(Aksoezen et al. 2015; Rajagopalan and Tony 2012), which is the energy demand per
unit area of a building floorplan, so it is possible to compare the demands of similar
buildings with the same final use. It is also useful to establish benchmarks and goals
as an indicator of energy regulation schemes that use steady-state heat transfer
coefficients (Casals et al. 2014). However, EUI has proven to be unable to rate energy
consumption credibly at the building level. EUI is associated with high-level top-down
data gathering (macro-scale analysis), a metric that cannot show the multiple
interactions of sub-system performance or provide an understanding of how to
ascertain energy savings and optimisations.
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Goldstein and Eley (2014) believe that energy performance cannot be established with
less than three energy performance indicators (EnPI), so they suggest that the three
dimensions of energy performance should be a composition of an evaluation of the
engineered systems, O & M and occupant needs. This approach distinguishes EE from
energy conservation and efficiency with a scope of design and technology that can be
controlled and influenced by building management. EE is the amount of energy a
building requires to operate, and it is commonly associated with its area and typical
use; whereas conservation includes improvements in O & M and reductions in comfort
or other energy service levels (Rajagopalan and Tony 2012).
According to the type of building and the nature of its use, there are parameters that
have a big impact on its energy performance, and if combined, can produce more
suitable indicators of performance. Some of the indicators most used in evaluating
building performance include its compactness, function, orientation, wall area, volume,
plan depth (Steadman and Brown 1987; Steadman, Evans, and Batty 2009), and age
(Jovanović et al. 2014; Aksoezen et al. 2015).
The ISO 50.001:2011 standard helps to identify the energy performance indicators in
commercial facilities (International Organization for Standardization 2011); it aims to
evaluate progress towards targets for continual improvement in construction and
operation. An effective EnPI allows management to track progress towards a goal and
to obtain good feedback. However, there is some concern that a less effective EnPI
may still show improvement when the underlying activity or system is not improving
(Goldstein and Eley 2014). The indicators most commonly used for measuring energy
performance are kWh/m2 (kilowatt-hour per square metre) and kWh/m2/year (kilowatthour per square metre per year), which considers the variations during all seasons
(e.g.Casals et al. 2014; Shabunko et al. 2014; Hoos et al. 2016).

Water Consumption
There are multiple possible indicators for water consumption in a building. Water
consumption can be measured in litres per day (L/day) or in cubic metres per day
(m3/day); It can also be measured in relation to the whole year, so it can capture the
consumption variations related to climate, and differences between working days and
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weekends. In this case, the indicator would be a thousand litres per month (kL/month)
or a thousand litres per year (kL/year). In order to allow comparison between different
building size, water consumption is usually expressed in terms of square metres per
unit of time (kL/m2/month or kL/m2/year).
ASHRAE advocate for water use intensity (WUI) as an indicator of water consumption,
expressed in volume per floor area (L/m2). However, WUI can have a large variation
even among the same commercial activity buildings (American Society of Heating
Refrigerating and Air-Conditioning Engineers 2012). For instance, Figure 2-1
exemplifies other useful indicators of water consumption, based on a relevant business
asset.
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Figure 2-1 Three examples of indicators of water consumption and the variation within
the same commercial activity.

Source: American Society of Heating Refrigerating and Air-Conditioning Engineers
2012.
In offices, it is useful to monitor water use per worker; in hospitals, water use per bed,
and following this logic, other indicators could be adopted, for instance, in a restaurant,
water use per meal served.
WUI (Amitrano et al. 2014; American Society of Heating Refrigerating and AirConditioning Engineers 2012), can be expressed in a variety of ways, as L/ m2/person
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or litres per square metres or per person. Sometimes, this type of consumption
indicator is not very informative. One possible solution is the correlation of consumption
with one variable or indicator related to the specificities of the type of business, as in
Figure 2-1. This correlation should result in a more instructive and useful indicator for
considering water relative to key measures of business activity (American Society of
Heating Refrigerating and Air-Conditioning Engineers 2012).
Additionally to these indicators, the use of certified or labelled components might be
an indicator of a high level of efficiency in water consumption. For this reason, the
Water Efficient Product Labelling Scheme is a voluntary scheme for companies which
manufacture or sell products in the UK bathroom industry. This labelling scheme
encourages the installation of efficient water products to reduce the use of potable
water. In Australia, the WaterMark certification scheme managed by (Australian
Building Codes Board 2018) certifies products used in plumbing systems, which is a
requirement of the NCC. The quality of water distribution systems can influence the
performance of this service (Australian Building Codes Board 2018).

2.8 Benchmarking in commercial buildings
Benchmark is a term typically related to an evaluation of performance, which in building
practices relates to operational performance during the occupancy phase (PerezLombard et al. 2009; Martin 2013). Benchmarking is the process of systematically
collecting operational information of reference buildings, which means the buildings
participating in a benchmark, to populate a common and comparable framework on a
regular and consistent basis in order to compare performance against an ideal building
performance (Burman et al. 2014; Borgstein and Lamberts 2014).
Energy performance indicators, such as kWh/ft2 and MJ/m2, provide information that
makes building users, owners, management teams or whoever pays the utility bills
accountable for their energy-use performance (Chung 2011).
A benchmark is established by a significant number of ‘reference’ buildings of the same
type or end-use being measured systematically with the performance data being
shared. The core of benchmarking lays in the comparative analysis it allows (PerezLombard et al. 2009), such as a clear statement of the comparable commonalities and
aspects to be benchmarked. For example, energy benchmarks for schools (Hong et
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al. 2013; Burman et al. 2014), or institutional buildings (Baird 2015), or hotels (Farrou,
Kolokotroni, and Santamouris 2012), or bank branches (Borgstein and Lamberts
2014).
Buildings share operational performance data for the purpose of comparison and the
implementation of improvements if needed (Zairi and Leonard 1994; Zairi 2010; Chung
2011). Therefore, benchmarking plays an important role in monitoring and informing
improvements in non-domestic buildings by indicating a priority for action or verifying,
such as if the energy performance matches its potential (Demertzidis et al. 2015).
Consistent and repeatable benchmarking requires defined performance metrics and
protocols for developing a reference case to serve as a baseline. The information
needed to develop a benchmark is usually taken from the assessment process. Data
can either be achieved virtually by remote sensors, or simply collected onsite. The core
of the benchmarking process lays in its comparative analysis, which implies a similarity
between buildings (Borgstein, Lamberts, and Hensen 2016; Perez-Lombard et al.
2009). The result of benchmarking is an identification of the performance level, whether
it is average, better or outstanding in the overall building performance. A review from
(Berardi 2012) identified that certified sustainable buildings are well below the optimal,
even though energy performance is generally considered the most important criterion
in building sustainability assessment (Berardi 2012).

Types of benchmarks and examples
Benchmarks, according to the choice of methods and their purpose and use, can be
classified as internal/private or public (Chung 2011). For instance, internal
benchmarking is used to encourage poor reference performers to improve their
performance, while public benchmarks can be published in the media by regulators
aiming to pressure investors, owners and developers of poorly performing nonreference buildings to improve their performance (Chung 2011; Burman et al. 2014).
Benchmarks can be classified, according to the data gathering method, as empirical
or virtual (Borgstein, Lamberts, and Hensen 2016). A benchmark is a standardised
performance level that can have a data approach that is virtual (calculated) (Vyas and
Jha 2017; Wang, Yan, and Xiao 2012) or empirical (actual), according to the type of
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assessment and the metrics (Chung 2011). A virtual model approach depends on
sophisticated simulation processes that pose limitations on public availability, so it is
more likely that a private/internal benchmark (Chung 2011) will be used for a limited
group of similar buildings (Borgstein, Lamberts, and Hensen 2016). On the other hand,
an external or publicly available benchmark usually adopts the actual in-use measures
in a common framework in a simplified mathematical approach, which is more useful
for a wider range of stakeholders (Perez-Lombard et al. 2009).
A benchmark can be classified according to the territorial extension as local, regional
or national. National benchmarks are a valuable tool for assessing and monitoring
energy consumption in building stocks, but they can be time consuming and expensive
to generate (Martin 2013; Borgstein and Lamberts 2014; Li, Han, and Xu 2014). In
India, Vyas and Jha (2017) developed benchmarks for sustainable buildings based on
attributes of construction that, even with limited funds, allows for improvements in
building performance. Likewise, Martin (2013) proposed a low-cost alternative method
for Cape Town, South Africa, by coordinating building related data collected from
municipal databases and billing information to establish the EUI of the existing building
stock. Hong et al. (2013) reviewed the energy benchmarks that underpin the UK
Display Energy Certificate (DEC), which resulted from combining a mix of top-down
and bottom-up approaches based on the granularity of the data used. They concluded
that the non-domestic building sector needs to explore more complex methods to
provide a more accurate indication of EE (Hong et al. 2013). Benchmarks based on
robust top-down measures are common in national, transnational and global
sustainability approaches because they establish generalised frameworks, processes,
indices and indicators for measuring sustainability (Magee et al. 2012; Cole 2010).
Public benchmarking at an urban scale may have a reasonable number of buildings to
generate representative benchmarks that will raise the performance of existing building
stock; while national energy benchmarks are also important for understanding energy
consumption in commercial buildings and developing EE programmes.
Benchmarks can be classified according to the building end-use as schools, hotels,
offices or any other use, and also according to the features measured such as energy,
water, waste or rentability, as seen in the cited examples (Borgstein and Lamberts
2014; Shahrestani, Yao, and Cook 2013). Conventional benchmarks are achieved by
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bulk statistical data often correlated to climate data. The less common but more
insightful are the parametrised benchmarks which set criteria – good practices - and
normative – typical – standards for each energy use of the building (Cohen and
Bordass 2015). Fixed and customised benchmarks for Building Energy Performance
Certificates are based on operational ratings. Model-based benchmarks are calculated
based on an idealised model of building performance (Li, Han, and Xu 2014). They
can inform about the action needed by a wide range of factors, generate targets, and
compare design alternatives and retrofit scenarios, but this does demand time and
skilled personnel to deal with a great number of data inputs, so it is an expensive
process (Li, Han, and Xu 2014).
Buildings and their components degrade over time and this affects their performance,
which is why continuous commissioning and benchmarking are important for tracking,
monitoring and detecting any abnormal energy consumption (Li, Han, and Xu 2014).
This continuity characterises its dynamic nature, which among other benefits also
promotes sound competition within a building sector. The dynamic nature of
benchmarks is addressed by ensuring that the variables compared apply to all the
buildings in that class.
The energy benchmarking process is extremely important for tracking, monitoring, and
detecting any abnormal energy consumption and therefore it plays an important role in
improving the EE of non-domestic buildings (Li, Han, and Xu 2014; Hong et al. 2013).
Water benchmarks monitor water consumption among reference buildings. A water
use benchmark for the non-residential sector was developed in Auckland with a topdown approach in 5,700 buildings. It created a statistical baseline with consumption
ranging from 1.8 L/day to 1,800,000 L/day, with a WUI of less than 10,000 L/year/m 2
(Amitrano et al. 2014).
A waste benchmark aims to manage the volume of waste produced in commercial
buildings to reduce the volume disposed of in landfills. NABERS Waste Rating for
Offices (New South Wales Government 2014; New South Wales Office of Environment
and Heritage 2018b) is carried out over ten consecutive days and depending on the
type of rating, the normalised volume is a normalisation of the waste generated and/or
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the recycling rate; this is calculated for the number of occupants and the total grams
per person per day (New South Wales Office of Environment and Heritage 2017).
There are benchmarks which are also decision-support tools such as the PostOccupancy Review of Buildings and their Engineering (PROBE), which benchmarks
234,000 large commercial buildings in the UK (Cohen et al. 1999; Baird 2015). It allows
for a comparison between any new features and conventional buildings, and whether
any refurbishments were better or worse through a user’s perception scores (Bordass
and Leaman 2005a). Also, there is the Building Performance Database (BPD) with
aggregate empirical building data on the actual whole building energy performance,
physical and operational characteristics of commercial buildings (United States
Department of Energy 2017); it focuses on buildings less than approximately 4,645m2
(50,000 ft2).
The performance of existing systems can be improved through continuous
commissioning whereby energy benchmarking is used for tracking, monitoring and
detecting abnormal energy consumption of a building (Li, Han, and Xu 2014).
Benchmarks might define a range of energy consumption targets better than a single
value, as established in the study developed by Farrou, Kolokotroni, and Santamouris
(2012).

The rationale for upgrading in the commercial sector: drivers
and barriers
Despite the increasing knowledge base around retrofitting opportunities and a growing
portfolio of successful case studies, little is known about the decision-making
processes of the build (Kontokosta 2016). Decision making regarding upgrades
involves making choices on whether and when to upgrade and what extent to invest.
Retrofitting small and medium commercial buildings poses a huge challenge for
owners because they usually lack the expertise and resources needed to identify and
evaluate cost effective energy retrofit strategies (Hong et al. 2015). Landlords have no
direct short term benefit from upgrading, while tenants resist paying for anything nonessential, and so are unlikely to agree to pay for any energy efficient upgrades (Bruce
et al. 2015).
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However, upgrades are driven by better tenant retentions, fewer tenant complaints,
low operational costs, improvements in wellbeing and health, and value to the
reputation of the brand (Bullen and Love 2011a). Bruce studied upgrades in small low
grade buildings in Adelaide and found the barriers included levels of asbestos in
existing buildings, more stringent building regulations, lack of awareness,
overestimation of costs and changes in tenant demands towards modern and efficient
open plan offices (Bruce et al. 2015).
Due to the higher level of 'wear and tear’, and advances in technology in work and
commercial spaces over the last decades, the lifespan of office buildings is much
shorter than residential buildings. Moreover, as components degrade it also affects the
energy consumption (Li, Han, and Xu 2014), which is why office buildings will require
a major refurbishment every 20 to 25 years (Adelaide City Council and Jones Lang
LaSalle 2007), and minor works are likely to be needed in a shorter period. Planned
upgrades can deliver better results at lower costs than urgent and non-planned repairs.
An upgrade, beyond the functionality aspect, is a feasible method of reducing the
energy demand of existing buildings (Wang, Xia, and Zhang 2014; Wang et al. 2014).
The interviewees in Bruce and colleagues’ study made clear that there is no real
standardised ‘typical practice’ relevant to retrofitting low grade structures (Bruce et al.
2015).

Summary of the chapter and conclusion
International agreement around the negative impacts of Climate Change has
influenced national and sub-national building regulations worldwide. In Australia, most
of the building stock was built before building performance regulations were put in
place from 1998 onwards (Cohen and Bordass 2015), suggesting that many buildings
currently in use are likely to be under-performing and uncomfortable for the occupants.
Previous research supports the strategy that upgrading the SCRB sector would result
in energy saving, a reduction of GHG emissions and more comfortable buildings.
Available BPE tools to date have been developed and refined to meet market
demands, but despite trying to address a range of building typologies and end-uses,
the benchmarks resulting from these BPE tools have been demonstrated not to meet
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the needs of the SCRBs. As a result, the SCRB sector has been largely overlooked.
EE is the most used criterion to evaluate building performance, however, there is a
distinct lack of knowledge of real energy consumption, especially in the SCRB sector
in the Australian context. Other benchmarks that are available, such as for water and
waste, sum up the efforts made thus far for assessing and monitoring performance in
commercial buildings.
This extended review of the specialised literature and careful examination of publicly
available datasets in the Australian context has led to the conclusion that:
o there is a lack of data on the physical attributes of commercial and retail building
stocks;
o most existing data on commercial buildings in Australia is not related to SCRB;
o existing data about SCRBs in Australia is not publicly available;
o the SCRB sector is largely overlooked in Australia.
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Table 2-7 Summary of the main findings of the review of the specialised literature.

Findings from the literature review

Source

Research objectives

Instruments and initiatives to improve building
performance are mostly designed to target large
buildings, overlooking the SCRB sector. Despite
this, there is a lack of data on the physical
attributes of commercial and retail building
stocks.

Cote and Grant 2002; IEA 2013; Landers 2010; Thomsen
2009; Hall 2014; Aust Co 2019b; ABCB 2015; ABCB 2016;
ISO 2008; BSI 2012; Shaw 2016; IMAP 2015 ; Hakkinen
2011; AM Soc Heating 2004; Am Soc Heating 2009; Dixon
2014; Dixon et al 2014; Luksendorf 2011; Blundell 2012;
Bird 2012; Ball 2002; Kohler 2012; Janda 2016; Granell
2017; Wilkinson 2015; Bright et al 2015.

Create an appropriate
methodology to collect
actual data from real
buildings.

Suitable data on building performance,
especially on the SCRB sector, is either nonexistent or unavailable. Moreover, existing
incentives only reach larger buildings, whose
benchmarks are not ideal to compare the
performance of smaller buildings.

Bertone 2016; Borgstein 2014; Commonwealth of
Australia 2018 p. 53; Dixon et al 2014; Goldstein et al
2014; Kavgic et al 2010; Osterbring et al 2016; Pan et al
2007; Pitt & Sherry 2012.

Create actual data
benchmark(s) for the
buildings in the study
area

Most of existing data on the Australian context is Commonwealth of Australia 2018; Kavgic et al 2010; May Dissemination of the
not publicly available.
and Rye 2012.
research findings.
Source: Compiled by the author.

74

To achieve the objectives of this research, an MMR design is adopted, which
takes into consideration the characteristics of the spaces and stakeholders
involved in the SCRB sector. The approach aims to gather existing data, if any,
and collect firsthand data relevant to develop the research analysis, which
includes understanding the barriers to improved energy efficiency in this sector.
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3

Research Design and Methodology
3.1

Introduction to methodology

Chapter Three presents, describes, justifies and discusses the kind of data
relevant to this research; it also includes the scope, extent and depth, and the
sources and availability of relevant data. This chapter also presents the design
and the methods used to collect, analyse, validate and communicate the results.
It also presents a pilot study as a practical exercise to verify the applicability,
feasibility and efficacy of the proposed method. Based on this experience, the
methods were then reviewed and improved so they could be applied to a larger
study area.

3.2

Research need

This research aims to identify a strategy that will enhance the upgrades applied
to improve the performance of buildings in the SCRB sector. This requires a
deeper understanding of the characteristics of physical buildings and the
dynamics including their occupancy and operation. As the literature review in
Chapter Two and Table 2-7 highlight, the existing body of knowledge of
commercial building stock in Australia lacks information that is relevant to SCRB.
To characterise the peculiarities of SCRBs and how they differ from typical
commercial buildings, these data must be produced.
The literature review basically established that research into building stock
commonly adopts a top-down approach where aggregated data, statistical
analysis and estimation play a big role (Kavgic et al. 2010; Hong et al. 2013).
Most approaches to building performance in the specialised literature evaluate
building efficiency by considering energy consumption or the end use of energy
as the main or sole aspect of their analysis.
Cohen and Bordass (2015) illustrate the limitations with these approaches.
Through the lens of one policy measure triggered by the EPBD – Display Energy
Certificates (DECs) for non-domestic buildings, they describe the difficulties
experienced in capitalizing on a policy intention to use transparency about actual
energy performance to drive better energy management and focus energy
efficiency investment on things that really work in practice. They emphasise that
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the UK Department of Energy and Climate Change recognises the ‘lack of
meaningful and actionable information as a key obstacle to simple energy
management or cost effective investment’ (Cohen and Bordass 2015, p. 536).
Since this research seeks a more comprehensive approach to building
performance and sustainability, it uses an adapted appraisal of building
performance that approaches, as much as possible, the dimensions of
sustainability: social, economic and environmental (Mateus and Bragança 2011;
Bragança, Mateus, and Koukkari 2010). This means that a building-based
approach is needed to collect information on the physical characteristics of the
buildings in this sector (Goldstein et al. 2014), along with information about the
types of business and current occupational practice. Chapter Two detailed and
presented an explanation of why the existing data and benchmarks do not fit the
analysis developed in this research. In summary, the SCRB sector in the
Australian context lacks data on the physical attributes of commercial and retail
building stocks; most existing data on commercial buildings in Australia is not
related to SCRB; and the existing data about SCRBs is not publicly available,
which leads to the conclusion that the SCRB sector is largely overlooked in
Australia.
The methods adopted to gather data were determined by feasibility, based on the
availability of time and other resources, the overall characteristics of buildings
and the occupants' profile in this sub-sector. Data should be collected with no, or
minimum disruption to participants (Australian Government 2007; Leaman,
Stevenson, and Bordass 2010); it should help to describe the environmental
performance of buildings, the dynamics of upgrading practice in this sub-sector,
and facilitate analysis that will result in actionable feedback for the stakeholders.
Feedback to stakeholders is a powerful tool for maintaining the sustainability
levels in a building (Fedoruk et al. 2015). Actionable feedback in the form of
sustainability measures as a recommendation to potentially improve the
performance of the building might focus on: i) the envelope, ii) the installed
systems, and iii) the needs of occupants, based on the approach from Goldstein
and Eley (2014); Goldstein et al. (2014) to EE. Figure 3-1 shows these three
aspects, each represented by a circle, and indicates the overlapping interactions,
as these are also targeted in this research in order to enrich the analysis and
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broaden the findings spectrum. [Similar diagrams are used to represent the Triple
Bottom Line (Elkington 1997), the three pillars of sustainability, and the aspects
of fabric, people and systems undertaken in PROBE, in the UK (Palmer and
Armitage 2014; Palmer, Terry, and Armitage 2016).] Figure 3-1 emphasises the
interfaces between the envelope and the installed systems, the envelope and the
occupants, and the occupants and the installed systems. This approach explores
these interactions and their effect on building performance.

Figure 3-1 Interactions among the three components of the environmental
building performance analysis.
Source: Author based on Elkington 1997.

Traditional

single

disciplinary

methods

typically

cannot

grasp

the

interfaces/overlapping areas indicated in Figure 3-1. Often, the approach to
sustainability studies is a disciplinary one, which results in a limited vision of the
studied object. MMR design is more likely to provide a richer analysis of the
studied objects and to adequately answer the RQs.

3.3

Elements of knowledge in this research

Chapter Two examined and delimited the boundaries of knowledge regarding the
SCRB sector, as summarised in Section 2.10. There is a gap between research
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and practice that might be a result of the prevalence of a positivist paradigm in
the academic world, which is typically disciplinary (Kehily 2012). The complex
nature of the studied object - which involves physical buildings, businesses and
people - requires a transdisciplinary approach. This approach brings a multitude
of methods and techniques to collect, treat and analyse relevant data. Knowledge
achieved through this research approach aims to fill in the gaps and to make
explicit what was originally hidden or is unknown (Dainty 2008).
The inherent complexity of the object of study makes it unsuitable for the positivist
approach that has typically been used for research involving buildings and the
use of energy. Rather, the multiple viewpoints present in the built environment
and on a minor scale in this research require an epistemological approach that is
constructivist (Salama 2019; Fellows 2010; Alavi et al. 2018).
There are many groups (stakeholders) and individuals involved in the SCRB
sector. They have different interests, different levels of engagement and different
knowledge about their buildings and resources, such as the energy and water
needed to run their businesses. Therefore they have different perceptions of
reality, which is valid and important to acknowledge (Dainty 2008; Salama 2019).
The knowledge constructed through this research is framed to reach broader
related fields in an integrated manner (Kehily 2012) and this is reflected in how
the researcher conducted the research (Salama 2019).
The multiple techniques and methods adopted to study and understand the parts
and the whole of the studied object has resulted from methodological choices
made during data collection, analysis and communication of the results (Bryman
2012). This observation brings attention to Mingers (1997) cited in (Dainty 2008,
p. 9), who refers to this principle as ‘strong pluralism’ because of ‘its emphasis on
blending methodologies from different paradigms within a single intervention’.
Methodological pluralism, i.e. the use of multiple theoretical models and
methodological approaches, is legitimate and desirable and emphasises the
context-sensitivity inherent in research design. Indeed, many researchers argue
that quantitative methods should be combined because theory building requires
both ‘hard’ data for uncovering relationships and ‘soft’ data for explaining them
(Dainty 2008).
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3.4

Research scope

The type of buildings targeted in this research are small scale commercial and
retail buildings (SCRB) found in Australian regional centres and suburban
precincts. These buildings are classified by the National Construction Code as
Class 5 – Offices, and Class 6 – Shops (Australian Building Codes Board 2015a).
A summary of the boundaries and characteristics that define these buildings is
presented in Table 3-1.

Table 3-1 Summary of the boundaries for the research scope
Characteristics
Geographic location.
Urban location.
Ownership.
End-use activity.
Occupancy status.
Physical.

Parameter
Regional centres.
Regional or suburban centre. Direct access from the footpath.
Privately owned.
Office, retail, health and beauty, food related and service.
Owner occupied, tenant-occupied or vacant.
Total built area up to 1,000m2 and four storeys.

Source: Author.
The criteria presented in Table 3-1 were adopted as a starting point from which
the targeted buildings could be selected according to the response found during
fieldwork. The end-use activities considered in this research are those identified
in the main study area. The adoption of 1,000m2 as the maximum building area
to select buildings for this research is influenced by the lower threshold at which
existing tools and regulations to facilitate and incentivise future upgrades operate.
Only privately-owned buildings are included in this study. This is because
upgrading practice in the public realm requires compliance with governmental
procedures which are specific to public administration and are outside the scope
of this research.
It was foreseen that the extent and depth of data should be enough to identify,
qualify or quantify the building elements that could link performance to specific
features of the physical building, such as how it is occupied and operated. Three
phases of research were undertaken. The first phase – exploratory research –
identified the research needs, possibilities and potential methods to collect
relevant data to inform the research design (Johnson, Onwuegbuzie, and Turner
2007). The second phase - data collection and analysis - refers to the methods
and techniques used to collect and analyse the data needed to characterise
building performance in the SCRB sub-sector (Onwuegbuzie and Combs 2011).
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Finally, the third phase – data integration and conclusion - encompasses the
integration and synthesis of data analysed, the benchmarking of building
performance in SCRB, discussions concerning the applicability of the research
findings and achievements, and the potential strategies to communicate and
diffuse the outcomes to the stakeholders who will benefit from them.
The thesis adopts the term ‘occupant’ for both the commercial and the residential
sectors. The focus is on the commercial sector, and occupants of the residential
sector are qualified in the text when needed.

3.5

Research design

In the commercial buildings sector, the characterisation of buildings is
fundamental to identify the inherent aspects that distinguish this building subsector from the typical commercial building sector in capital cities. For this
purpose, a Mixed Methods Research (MMR) design (Plano-Clark 2016) was used
to gather data so that the characteristics of the SCRB and occupancy could be
identified (Creswell 2009; Creswell and Creswell 2011). Data collection in MMR
facilitates the collection of different types of data such as quantitative, qualitative,
and narrative, while considering the resources available and gathering the best
possible dataset to address the RQs.
Patton (2015) stated that ‘There is no perfect research design’ (Patton 2015, p.
223). Similarly, there is no ‘best way’ to gather data. However, data collected or
gathered should be able to address the research question (Walliman 2011),
populate the performance indicator, and provide useful information. This
proposed method is designed to be carried out by lay people after a very short
training period, making it scalable and replicable with very few resources in other
regional centres. The research design is flexible enough to receive additional data
from other sources, and to have the results inform other studies or disciplinary
approaches as needed.
The use of flexible design and a diverse range of methods and techniques are
justified by the innovative nature of this research. In the Australian context, very
little is known about the energy and water used by businesses in these buildings,
or how occupants make decisions about building maintenance and upgrades.
Therefore, as much relevant and detailed data was gathered as possible in order
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to help understand and characterise the SCRB sector; this data includes the
needs and expectations of the occupants as an important part of the analysis to
improve building performance in Australia.

3.6

Data collection methods

Qualitative and quantitative data were collected to compose a relevant dataset to
evaluate building performance in this sector, with all the methods contributing to
the dataset gathered. Table 3-2 summarises the research methods and
techniques used, and the data expected to be gathered.
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Table 3-2 Methods included in the MMR design and type of data expected from each one
Method
Desktop survey

Expected data
Orientation, roof geometry, aerial view of the studied area, information about vacant premises, estimation of business
potential savings (Dowling, McGuirk, and Bulkeley 2013).
Address, building materials, type of business, estimation of building height and area, estimation of the level of upgrade (if

Onsite observation

any), streetscape and its dynamic, liveability, public transport and parking availability, identification of risky areas (Ray and
Smith 2011; Bryant 2015; Lucas 2016).

Interview

A range of points of view about the commercial building stock and upgrades, trends, clusters and insights to research design
possibilities (Conrad and Blair 2009; Malterud, Siersma, and Guassora 2015; Haigh 2008; Lucas 2016).
Minimum requirements for building, standards, benchmarks to other sectors, baselines (e.g. cooling, heating, ventilation)

Documentary analysis

to other sectors, precinct and building regulation (e.g. zoning, building code), approaches to performance assessment, its
potentialities, and limitations, building location, year of construction, upgrades, if any, type of work and its frequency,
precinct occupation processes (Walliman 2011; Robson 2011).
Dimensional survey, inventory of energy and water appliances (saving devices, if any), facility bills analysis: actual

Building Audits

consumption (water and energy) (Krarti 2010; American Society of Heating Refrigerating and Air-conditioning Engineers
2010).
Post-occupancy survey (ownership, occupancy, and type of lease), level of influence in retrofit decisions, upgrades, if any,
the amount spent, professional assistance and level of support, nature of business, occupancy regime, number of

Questionnaire Survey

occupants, priorities when choosing premises, services/facilities relevant to business, common use practices; thermal
comfort satisfaction, waste characterisation, the volume produced and frequency of collection, perception about retrofits
(Walliman 2011; Rowley 2014) (Leaman, Stevenson, and Bordass 2010; Cohen et al. 1999; Bordass 2003).

Sources: As indicated in the table; compiled by the author.
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Examples of the data expected using the Mixed-Methods Research (MMR)
design are shown in Figure 3-2.

Figure 3-2 Research flow of methods and techniques, grouped by phases.

Source: Author.

3.6.1 Exploratory research
The exploratory phase, represented in Figure 3-2 within the pale pink rectangle,
was carried out with the objective of identifying i) the information regarding the
studies on the performance of small buildings in the commercial sector; and ii)
the existence of a dataset on small commercial buildings, if any, and verification
of its availability. This phase was comprised of a desktop survey and fieldwork.
The desktop survey, as it is detailed in Figure 3-2, included the review of the
specialised literature, and gathering, analysis and interpretation of visual
documents such as maps and photography. The fieldwork consisted of interviews
with key stakeholders from the building sector and visits to relevant commercial
centres to observe commercial buildings and their characteristics (onsite
observation with photography registers).
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This phase provided guidance in formulating the research questions and
proposing a research approach and design. This is the main reason why the
analysis and interpretation of data were carried out, along with the collection.
Triangulation of the methods and techniques was applied (Fielding 2012) either
to confirm data collected from fieldwork or to produce data when it was not
available in the literature. Section 3.9.1 discusses how triangulation was adopted
in this research design.

Table 3-3 Breakdown of methods and techniques in the exploratory phase.
Desktop survey

Fieldwork

Literature review
Image gathering (e.g. books, web
sites)
Documentary analysis
Map interpretation

Onsite observation
Photography from
buildings

façades

of

Source: Author.
The exploratory phase of this research sought the best way to answer the RQs
and to achieve an overall/overarching understanding of the retrofits of small
commercial buildings in regional centres.

3.6.1.1 Desktop Survey - Documentary analysis
The desktop survey is represented Figure 3-2 as the light purple vertical rectangle
on the left side of the diagram. The desktop survey consists of gathering and
analysing textual and visual documents (Dejaco, Cecconi, and Maltese 2017, p.
17) related to the SCRBs. Documentary analysis refers to all sorts of textual and
visual documents, with textual documents including local government
documents, legislation, regulations and development approvals, in addition to
other relevant document that are not classified as academic literature, such as
standards, benchmarks and white papers, for example product-centered industry
reports. Sources of information sought included but were not limited to
government websites (e.g.Australian Government, n.d.-d, 2018b; Australian
Bureau of Statistics 2017-2018; Australian Sustainable Built Environment Council
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2016) and white papers from the building industry (such as (ARUP 2009, 2013).
Documentary analysis of sources such as Wollongong City Council (WCC)
building cadastre and the Australian Bureau of Statistics (ABS) proved to be
insufficient to provide answers to the RQs, as will be detailed in Chapter Four.
There was a clear need to produce data from the SCRBs, and complementary
methods were used to identify the best way to get access to these buildings.
These methods are presented and discussed in the following section.

3.6.1.2 Desktop survey – Visual methods
The sources of information presented in the previous section commonly contain
visual content such as maps and photographs. These visual sources offer the
opportunity to gather information on what has been done regarding retrofits in
SCRB in Australian regional centres; however this search revealed that there is
very little knowledge related to this topic.
Visual documents include but are not limited to building plans, iconography, maps
and images from the targeted buildings, which are important sources of data
(Rose 2016). The appraisal of digital maps provided information such as building
footprint, distance from adjacent buildings, setbacks and nearby vegetation,
orientation, roof design and dimensions, estimation of the area, sometimes the
roof material (colour and texture), the existence of skylights or chimneys, photo
voltaic (PV) panels, and solar hot water systems installed on the roof (Pittam,
O'Sullivan, and O'Sullivan 2016). These resources allowed for the formation of
an initial idea of the orientation and footprint of the building which, when combined
with an onsite estimation of the building height, helped to select which buildings
to include in this study.
The desktop analysis includes a range of virtual maps, such as those found in
the website of the Wollongong City Council (Wollongong City Council 2015,
2014b), Google Maps (Google 2018c), Google Earth (Google, 2018c, 2018b;
Google Street View 2019), and the NSW SIX Maps (SIX Maps 2019). Techniques
such as maps and photographs interpretation were used systematically to
provide relevant data to the proposed analysis and to triangulate and validate the
data collected (Fielding 2012). For instance, roof inspections were not considered
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to be part of the walkthrough audits, so there are no accurate measures about
roofs, and therefore the information collected from the desktop survey
complemented the survey of building dimensions. The terraced buildings in the
study area imply that the main heat gain was through the roof. It is important to
understand the integration between the roof and the whole building because with
few exceptions, most of the premises assessed were on the ground floor in
buildings with two or more storeys. The desktop survey using visual analysis also
helped to collect information about the external walls. However, in the case of
high density precincts and terraced buildings, this may not be an effective way of
collecting data. An example of a zoomed map is in Appendix C.
Geo-referenced data produced and managed by Google such as Google Earth,
Google Maps and Google Street View (Google 2018c) and interactive maps from
local councils (Wollongong City Council 2015; SIX Maps 2019) are powerful tools
for obtaining high level information about buildings. The use of digital platforms
such as Google as a source of information has become a common practice,
especially among earth sciences and environmental researchers. For instance,
Carvalho, Ferreira, and Cruz (2018) mapped the green areas of the whole state
of Rio de Janeiro using interpretation of aerial images, then validated the study
using satellite maps from Google Maps; Rey and Lufkin (2016) used visual
methods such as plans, sections, model photographs and 3D visualisations to
integrate the points of view of specialists of different fields and non-professional
stakeholders in their study on green density in the city of Bern, Switzerland (Rey
and Lufkin 2016). From this they developed the methodology Neighbourhoodscale Evaluation to Benchmark the Integration of Urban Sustainability (NEBIUS)
to

evaluate

sustainability

at

the

neighbourhood

level

by

integrating

transdisciplinary knowledge to treat a complex scope with a holistic approach.
Geo-referencing technologies enable precise location of buildings and
observation of the surrounding areas. In this research these technologies were
used, in the exploratory research (January to March 2016) to establish the
location of the buildings, but the identification of businesses and building
occupant was kept private. However, adopting remote observation, or visual
desktop survey of the SCRB was useful especially when comparing a group of
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regional centres without the need for expensive and time-consuming travel. One
drawback of collecting building data from a visual desktop survey is that the angle
between the earth’s surface and the satellite results in errors in the measurement
process. However, these errors do not affect the current analysis because other
methods were used to triangulate and validate data collected from the digital
maps. That is, the qualitative data collected was used to reduce the distortion that
undermines validity (Fielding 2012). The best results obtained using this method
came from observations of street façades, which helped to prepare a draft of the
building before the onsite observation or walkthrough audits.

3.6.1.3 Fieldwork - Onsite observations
Onsite observations were carried out as one of the fieldwork data collection
techniques of the exploratory phase of the research. Observations, at a macroscale, were carried out in the commercial cores of regional centres such as
Wollongong, Goulburn, Kiama and Port Kembla to observe the buildings and how
they could be inserted within this context. Notes from these observations were
triangulated with the desktop survey, as a virtual observation, via StreetView from
Google Earth (Google 2018b) to Newcastle. This city was a target because of the
similarities cited by one of the interviewees (Bob, Builder) in the exploratory
research. Figure 3-3 presents the map of New South Wales with the location and
respective images of the referred centres.
Onsite observations of these commercial cores can assess a large amount of
visual information (Ross et al. 2016) that is publicly available to ensure that the
buildings in an area met the research scope, thus increasing the chances of
successful

recruitment.

Field

notes

from

these

observations

provide

systematisation and rigour by registering qualitative and quantitative information
from buildings, businesses, and occupants, as do photographs and architectural
sketches; these annotations inform or triangulate with other methods and
techniques such as audits and interviews, as detailed in Section 3.6.1.4.,
confirmed that information collected previously from the desktop survey and
interviews are complementary with regards to the streetscape and the end-use
and vacancy of these buildings.
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Figure 3-3 Map of New South Wales, Australia with images of commercial cores in this study as indicated .

Sources: Base map of NSW, Australia: SIX Maps 2019. Photos: the author and Google 2018b.
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The streetscapes of commercial cores shown in Figure 3-3 presents some
commonalities such as a large variety of building typologies and construction
ages, the many layers of adaptation, different end-use activities and the
relative obsolescence of the precincts. However, commercial occupancy at the
ground level did not vary in the same way, because there was often a large
number of conversions and adaptations of existing buildings. These
adaptations at ground level resulted in an open area, with few or no partitions,
where businesses are free to adapt or fit out according to their needs. This
small variation of ground floor premises suggests that a typological approach
might not be enough to address the RQs, and the typological approach
frequently used in studies on the residential sector (Loga, Stein, and
Diefenbach 2016; Mata, Kalagasidis, and Johnsson 2014; Kavgic et al. 2010;
Salat 2009) might not be as effective in the SCRB sector. For example, the
residential sector is characterised by only one use – residential – across a
variety of building types, whereas the commercial sector is characterised by a
wide range of commercial activities across a small variety of building types in
the SCRB sector. Moreover, the commercial sector is mostly considered in
specialised literature as mainstream office buildings.
The large range of businesses that operate from these buildings pose an
important aspect to be considered in the research design and approach; this
is why the ‘type of business’ is one category considered for data collection.

3.6.1.4 Fieldwork - Interviews with stakeholders
Interviews are frequently used in qualitative research; Hou et al. (2016) used
both interviews with experts and site surveys to attain a deeper knowledge of
the commercial building retrofit industry and policy in four Chinese cities. Bruce
et al. (2015) used semi-structured interviews with key retrofit industry
practitioners to investigate practices and barriers in low grade commercial
building upgrades, while Baird et al. (Baird 2015; Baird, Leaman, and
Thompson 2012) used interviews and questionnaires to investigate the
perceptions that designers and occupants had of the performance of
conventional, refurbished and new sustainable buildings.
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In this research, interviews with key stakeholders (Zuo et al. 2012) were used
to obtain a broader understanding of the different priorities of stakeholders by
listening to their professional experience in this sub-sector. These interviews
were structured by a sequence of open-ended questions, listed in Figure 3-4,
so as to ensure that all the topics were addressed. Questions were formulated
with easy to understand words, while the complex issues inherent to interviews
such as completeness, accuracy, tact, precision and confidentiality were
carefully considered by the researcher (Haigh 2008).

1. In which ways is your organisation involved in the building sector and
what is your personal role?
2. How do you think the current building stock in Wollongong (or another
centre), in the retail and commercial sectors, compares with other
regional centres?
3. What do you feel are the key issues that are currently influencing the
rate of the upgrading of buildings in regional centres such as
Wollongong?
4. Are you familiar with any relatively recent building upgrades in the
retail or commercial sector in this region? Would give me some of the
details of these upgrades and how successful you think they are.
5. Could you tell me about some of the incentives, tools or mechanisms
for building upgrades or retrofitting that you are aware of, and how
useful you think they are?
6. What do you think are the main drivers to upgrades in the commercial
and retail building sector in this region?
7. What do you think are the main constraints limiting the potential for
upgrades in the commercial and retail building sector in this region?
8. Are there any other major issues that you think the research team
should focus on in order to facilitate better economic, social and
environmental outcomes from upgrades to buildings and precincts in
this region?
Figure 3-4 Questions asked at the semi-structured interviews.

Source: Author.
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These core questions are flexible enough to interview stakeholders from
diverse backgrounds, whilst maintaining the link between topics relating to
upgrades in small commercial buildings; the list was adapted as deemed
necessary/relevant during the interviews depending on each interviewee’s
area of knowledge and experience. These interviews aimed to capture as
many points of view as possible from a range of stakeholders, with regard to
current practices in SCRB in regional centres.
This method is only limited by finding enough professionals willing to contribute
to research, and ensuring that interviewees represent the range of
stakeholders identified (Patton 1990). The stakeholder’s selection criterion
was their professional experience with or involvement during the occupancy
phase of commercial buildings. These criteria qualified participants as either
occupants (tenants or building owners), landlords, policy makers, architectural,
engineering, and construction (AEC) professionals, real estate agents, and
any similar stakeholders. As with any research involving human participants,
approval of the research methods by the University of Wollongong Human
Research Ethics Committee was required. The ethics protocol ‘Upgrading
regional commercial and retail buildings and precincts: perceptions and
recommendations of influencers and decision makers’ number 2015/130 was
approved on 26-03-2015 and is included in Appendix B Ethics Protocols. The
interviewees gave written consent as part of the approved protocol, as detailed
in Section 3.8.
There was another type of interview, the in-depth interview, which was carried
out during fieldwork with some of the recruited occupants when it was noticed
that they were able to provide detailed information on topics relevant to the
research. In this case, not all the questions were addressed, the focus was
mainly on questions 6 and 7 from the list in Figure 3-4. This type of interview
was useful as interviewees demonstrated a deeper knowledge and experience
regarding the buildings in this research. These interviews were shorter in time
length but aimed to collect specific information related to the individual
experience of the participants. Both the interviews with the key stakeholders
and the in-depth interviews with the occupants were audio recorded,
transcribed and analysed. To ensure that data is kept anonymous and non92

attributable (Walliman 2011), pseudonyms were attributed to participants and
codes to the buildings when presenting the findings from the interviews (see
Chapter Four).
During the recruitment period, it was common for the occupants to engage in
conversation, with much information being disclosed. Although these events
were not audio recorded, the information disclosed during these conversations
were captured in the research in the form of knowledge acquired in the
exploratory phase and is embedded into the analysis of qualitative data.
As relevant data on SCRB was not available, there was a need to produce
primary data from the assessment of existing buildings. Therefore, an
appropriate approach was designed to recruit participants and collect data
from the buildings they occupy.

3.6.2 The search for a database on existing buildings
As far as possible, attempts were made to find a dataset that contains data
from key variables to analyse and evaluate the performance of the SCRBs in
this research. The search for a dataset was carried out both as a desktop
survey and a fieldwork activity. Institutions that were investigated via desktop
survey include the ABS, the Wollongong City Council, the PCA. The datasets
from the recognised environmental assessment tools such as NABERS or
Green Star have a focus on their own certified buildings, which means that
these datasets do not consider buildings such as the SCRBs in regional
centres. However, data on SCRB could be found in the US and Canada, in the
EU and in New Zealand (BEES). These datasets might fit some of the
characteristics of the small commercial buildings, but cultural, climate and
technical aspects would be an impediment to their relevance to the Australian
SCRB sector.
In the absence of a publicly available dataset that matched the purposes of
this research, several institutions and stakeholders were consulted to explore
further potential sources of data. The institutions consulted were either
involved in a study of the building stock or who normally access or collect
building related data or hold the type of data that could be useful for this
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research. For instance, the Australian Bureau of Statistics (ABS) has an
extensive dataset that was mainly achieved by methods of estimation and
which focused on larger buildings (Australian Bureau of Statistics 2011a); they
have no disaggregated data related to regional centres. The ABS produces
datasets that contain counts of the total usual resident population and total
dwelling count from the 2011 Census of Population and Housing for Mesh
Blocks. Mesh Blocks are the smallest geographic region in the Australian
Statistical Geography Standard (ASGS) (Australian Bureau of Statistics
2016a), and the smallest geographical unit for which Census data are
available. In 2011, there were approximately 347,000 Mesh Blocks covering
the whole of Australia without gaps or overlaps. They broadly identify land use
such as residential, commercial, agricultural and parks.
The Office of Environment and Heritage (OEH) has expertise with previous
projects involving the revitalization of regional centres where SCRB are found.
An example is a project in Goulburn (Cre8ing Growth BREP Consultants 2012;
The Public Practice 2013). This project was developed to improve energy
performance and incentivise the occupancy of aged and vacant commercial
buildings; therefore, they did not collect information from physical buildings
(New South Wales Planning and Environment 2014). The Property Council
Australia (PCA) (Ernst and Young 2015a) benchmarks and rates investments,
office buildings, and shopping malls, but this is not within the scope of this
research. Real Estate Investment Trusts (REIT) (Ernst and Young 2014) are
focused on larger buildings, and they have no publicly available detailed
information about physical buildings.
Local Government Areas (LGA) (National Institute of Economic and Industry
Research 2013) or Councils usually keep reasonable records of building
stocks that have been generally collected and updated during building
approvals or the licensing process for upgrades or changes of use. Although
the building regulations in Australia are set at a national level by the National
Construction Code (NCC) (Commonwealth of Australia and States and
Territories of Australia 2016), the local administration enforces these
regulations at the point of construction. Therefore, Wollongong City Council
(Wollongong City Council 2015) was consulted in an attempt to obtain data on
94

the SCRB sector. The Government Information (Public Access) Act 2009 (New
South Wales Government 2009), facilitates access to information held by the
council. However, permission must be granted by the building owners in order
to access information on each building in the precinct. This is a paid process
with no guarantee that the data required exists, or that the owner would grant
permission. Despite these risks and costs, this procedure would fit a case
study on a sole building, but it is not ideal for a study area that contains the
number of buildings studied in this research, which is 35.
A desktop survey on data that is publicly available showed that the Online
Planning and Constraint Map (Wollongong City Council 2014b) was part of the
Wollongong Council database. This map was consulted while choosing the
study area to ensure the chosen area was within the commercial zone
according to the zoning established by the Local Environment Plan (LEP)
(Wollongong City Council 2009b). The other information available in this
interactive map (Wollongong City Council 2015) is related to heritage listed
buildings, permitted floor space ratios, height restrictions, minimum lot and
conservation areas. Whilst a small number of not-for-profit organisations such
as The Better Buildings Partnership Sydney (2015), National Retail
Association (Australian Government) and Keep Australia Beautiful (Keep
Australia Beautiful 2018) might maintain relevant data records, they could not
be accessed for this research.
The desktop survey in this research included consulting digital maps such as
Google Earth Pro and Google Street View. Real estate agencies often
advertise vacant properties on their websites; some of which contain photos
taken inside these premises, as well as the lettable areas and lease values.
This advertisement information about vacant premises is publicly available
online. Websites such as the Australian Bureau of Statistics and the Australian
Building Code Boards, provided information on building codes, regulations and
standards (compare and interpret), while the website from the City Council
Development Applications (DAs) provided information to facilitate the analysis
of the rate of building stock renewal. The SMART/UOW Infrastructure
dashboard has a geospatial business intelligence dataset that lists
approximately 1200 small businesses in the Illawarra region (Wickramasuriya
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et al. 2013). This dataset contains information about the potential savings per
business expressed in kWh, CO2, and dollars (Wickramasuriya et al. 2013),
but unfortunately it does not make available information about the physical
buildings where these businesses are established.
However, onsite and virtual macro-scale observations do not provide deeper
information about building occupancy, such as the frequency and extent of
upgrades.

3.6.3 Fieldwork - buildings audit
The methods and techniques adopted in fieldwork are listed in Figure 3-2 in
the light blue rectangle. These methods include semi-structured interviews
with the stakeholders, onsite observation and photography, as explained in
Section 3.5.1. This is so because of the methods and techniques adopted were
often mutually complementary and were informed by desktop survey before
and after fieldwork.
This section details the building audits and their methods and techniques,
which allowed collection of the major part of data in this research. The
assessment of existing buildings was designed to collect relevant data from
SCRBs, as the first step after the exploratory research. Figure 3-2 shows the
interrelation of the methods and techniques in this research design. In this
figure, buildings assessment and its techniques are detailed in the deep purple
rectangle in the bottom right side. Building walkthrough consists of:
Dimensional survey – floor plans and openings
Internal photos – e.g. appliance location and lighting systems
Electric devices inventory – triangulate with the photos
Questionnaire survey
Utility bills appraisal/assessment (photographic register) – calculate EUI
Conversation with occupants (including non-participants).
A tailored walkthrough building audit was designed to collect primary data. This
procedure was planned to meet the needs of the research while taking into
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consideration the profile of the occupants observed during the exploratory
phase. The walkthrough audits consisted of a dimensional survey of the
building, a questionnaire survey, and an onsite observation or condition
survey. Other methods of collecting data were semi-structured interviews
(Baker and Edwards), post-occupancy evaluation surveys (Durosaiye, Hadjri,
and Liyanage 2019; Hadjri and Crozier 2009) and visual methods (Ray and
Smith 2011). Therefore, using the concept of performance explored in Chapter
Two, this research considered both qualitative and quantitative approaches
with regards the three components of performance evaluation: envelope,
systems and occupants, as described in Table 3-4.

Table 3-4 Components of the assessment and expected data.
Components

Sub- components

Variables

Physical
building:
the
envelope

Roof

Geometry, area, material, orientation

External walls

Orientation and location/dimension of openings

Façade

Orientation, recess, visibility, materials

Ground slab /
suspended timber
floor

Area and construction system

HVAC

Technology, dimensions/capacity, the location of
the equipment in premises, controls if any

Fresh Water

Inventory of devices and water saving devices, if
any

Hot water

Technology and frequency of use, if any

Sewage

Sewage treatment, if any

Rain/storm water

Water harvesting devices, if any

Practice

Current building practice and occupant habits

Business profile

Type of business and specific demands

Resources
consumption

Verified through utility bills – electricity, gas and
water

Waste generation

Volume, type, collection, and treatment before
collection, if any

Service
systems

Occupants
profile

Source: Author.
There are two reasons for focusing on the envelope to characterise a physical
building. First, the elements of the envelope are more likely to have a
significant link with the level of thermal comfort perceived by the occupant
inside the building, which means action can be taken. Second, the high
turnover of businesses and occupants inherent to the SCRB results in frequent
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changes (fit-outs) inside the building, which make it difficult to implement longlasting measures, such as the ones listed in Appendix C. Therefore, the
envelope of the building contains elements where long-lasting improvements
are likely to occur.

3.6.3.1 Walkthrough audits
Walkthrough audits have been used in BPE with different levels of detail. In
Europe, the Energy Performance Indoor Environmental Quality Retrofit
(EPIEQR) adopted walkthrough audits to collect data and evaluate building
components in the residential sector (Jaggs and Palmer 2000), while (Markis
and Paravantis 2007) carried out audits combined with interviews in 12 small
industrial buildings in Greece to access energy waste areas. Walkthrough
audits in this research are based on ASHRAE’s Level 1 (American Society of
Heating Refrigerating and Air-Conditioning Engineers 2011b) and the Royal
Institution of Chartered Surveyors (RICS) (Royal Institution of Chartered
Surveyors 2010) walkthrough audits for commercial buildings, which were
used to obtain high level data from buildings. The audits aimed to observe the
buildings from the inside; verify the type of devices (if any) used to maintain
comfort levels; photograph and measure (whenever possible) the constructed
elements that are relevant to the analysis; and verify the maintenance practice
related to an actual condition survey. The extent to which maintenance was
verified was determined by the resources available and the very short time,
around 40 minutes, to complete the audit. Basically, it consisted of identifying
defects or failures in the construction and utility systems, and whether any
upgrade appears to have been done. The relevant construction elements in
this scope include the envelope openings such as doors, windows and
devices.
The photographic register of the inside of the buildings and elements provides
visual evidence of these details (Rose 2016). These audits were initially to be
carried out on the ground level of the buildings, but the upper floors were
audited when permission was granted by the occupant.
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The Walkthrough Audit Guidelines developed by the author for this research
are available in Appendix B. The guidelines were developed to ensure
consistency in the data register during all audits. The ethics protocol
‘Sustainable energy performance audit of small shops and offices in regional
centres’ number 2016/116 was approved in 29-03-2016 and is included in
Appendix B. It ensures the set of methods adopted was aligned with the
standards for research involving individuals and their privacy. Private
information collected included: the names of the participants, their businesses,
addresses, and photos taken from inside the building. This private information
should only be used for the purpose of this research and should be
anonymised. The general data collected during these audits aimed to identify,
quantify, or qualify variables such as building elements that might influence the
overall building performance.
These variables might be related to the design of the building, or the quality of
the construction, such as the occurrence of building pathologies, or even
management practice. Design and construction are important aspects of EE
although the operational and maintenance practices (O & M) can improve or
worsen this efficiency (Goldstein et al. 2014). The SCRB sector does not
usually have a facilities manager as such, instead the systems are operated
by the occupants, whether or not they understand how they should be
operated.
The Building Audit Tool, available in Appendix C, was developed by the author
to facilitate data collection. Whilst the information required by the tool was
found to be both useful and appropriate, there was limited time and space on
the pro forma to collect a considerably high amount of data during the audits.
To overcome this issue, it was more practical to draw a sketch of the floor plan
with no scale, but keeping the proportion. From this draft, all relevant data and
information was registered, which includes but is not limited to dimensions,
architectural details, numbers and even odours. By doing this, the time for the
walkthroughs could be reduced from 40 to 50 minutes to 20 to 30 minutes
each. This reduction in the time length of the audits can also be attributed to
the experience of collecting relevant data. Frequent practice provided more
efficiency in measuring and photographing the building elements that were
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relevant to the research, eliminating eventual unnecessary efforts that were
not identified in the beginning. Back at the office, the audit tool was filled in
with the data collected to keep the data records organised. The targeted data
are detailed in Table 3-3 (above) and are believed to be sufficient to explain
the upgrading dynamics in the SCRBs and establish new benchmarks for this
building sub-sector. The expected set of first-hand data in each audit includes:
i)

Dimensional survey and photographs as well as the floor plans (total
and breakdown area), and the ceiling to floor heights

ii)

Building materials, where possible

iii)

Detailed information about openings in the external walls (location,
dimensions, material, closure system, maintenance)

iv)

Recent utility bill(s)

v)

Post-occupancy Questionnaire Survey (Appendix B) filled in by the
occupant.

Utility bills such as energy, water and gas were requested from occupants to
register the consumption of utilities. Inventories of water and energy consumed
by the appliances used in the business were also taken to estimate their
consumption.

3.6.3.2 Dimensional survey
Dimensions, as a quantitative component of the MMR design, play an
important role in building assessment because most of the other information
will be either linked to the dimensions of the components in an attempt to
generate indicators. Relevant data from the physical building includes building
type, the number of floors, the floor area and location of premises within the
building to contextualise the object being analysed. Estimating building age
can be used to narrow down and estimate the construction technique; this
research does not use intrusive methods to identify the building materials or
construction techniques. This information was not available in the council
database for most buildings in this study. Building materials and construction
techniques are frequently used to determine the feasibility of upgrade
measures.
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Elements of the envelope, such as the roof, external walls, and openings such
as windows and doors, enable an overall high level analysis of the thermal
behaviour of construction. Most of the premises assessed are commercial
tenancies at the ground level and residential above; this makes it difficult to
include the roof as a construction component in the tenancy, despite efforts to
improve building performance, unless all the tenants are recruited. The
elements

targeted

are

internal

spaces,

floor-to-ceiling

heights,

the

location/areas of the openings (windows and doors) on the building envelope,
and the installed systems. From these, an inventory of the existing systems
was registered, as follows:
o Lighting system: number and types of bulbs as well as their location
in the floor plan and street façade
o HVAC system, if any; type of technology and location of the
equipment
o Water system: number of devices using water, type of taps,
showers, flushing toilets, and any water saving devices.
The dimensional survey resulted in floor plans including the locations of the
systems installed, as well as the working devices and locations of the working
zones.

3.6.3.3 Electrical devices inventory
The inventory of the electrical devices in the buildings audited was part of the
walkthrough procedures. There is a specific section in the audit tool (Appendix
C) to be filled with this information, which would be used to estimate plug loads.
The diversity of business in this study is reflected in the vast range of types of
devices in use, as introduced in Section 4.5.5 and presented in Appendix C.
The way occupants use these appliances is diverse and correlated to the
business class and rental length.
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3.6.3.4 Photography (internal) and other visual methods
Photography is a well-established practice in many types of studies (Rose
2016) (ArkiLab 2016; Wollongong City Council 2012a, 2012b). Ray and Smith
(2011) used photographs to track changes in organisational processes, even
though it is not really considered to be a research technique for built
environment studies. The Wollongong City Council, adopted a photography
survey in Crown Street (ArkiLab 2016; Wollongong City Council 2012a, 2012b)
and in Wentworth Street (Studio GL Pty Ltd 2017) ()to register the elements in
the façades of the buildings in these streets. This method allows the council to
indicate to building owners which elements should be improved or removed
from façade for those who want to apply for an upgrade grant. Photography
does have the advantage of increasing data collection by further
investigations, so they can be used in a supportive way as a reference to make
a comparison over time (Rose 2016). Comparison over time by re-photography
or repeat photography can be twofold:
i) Photos by the author – prospective – change from the present forwards; and
ii) retrospective – compare present with some points in the past by comparing
retrospective photos with recent ones (Rose 2016). Both prospective and
retrospective methods were used during this systematic and reflexive analysis.
In this research, visual data was registered during onsite observations and
building assessments to facilitate and supplement information from other
techniques and methods used during the evaluation process. This technique
is a very important resource, given the number of buildings to be assessed and
the amount of data to be recorded. Photographs enable visual information to
be identified and revisited anytime as research progresses. Photographs were
used systematically in this research to integrate the results of different types
of analysis in the field (on-site observation) and during walkthrough audits. The
photographs used in this research provide evidence of occupant practices and
also facilitate further accountability for energy consumption devices. The
photographic register of the interior of the buildings and businesses is under
the same privacy agreement as other types of data.

102

3.6.3.5 Post-occupancy questionnaire survey
The post-occupancy survey was an opportunity to collect valuable qualitative
and quantitative information about occupancy. Questionnaire surveys are a
typical practice in qualitative research (Leaman, Stevenson, and Bordass
2010; Baird 2015) in many building sectors. A questionnaire survey was used
in two commercial buildings in Wellington, New Zealand to understand the
perception and involvement of users in building performance and compare the
results with a study conducted worldwide (Baird and Penwell 2012; Baird,
Leaman, and Thompson 2012). Baird used a questionnaire survey in 60
commercial buildings worldwide to understand how designers and occupants
perceived a sustainable building (Baird 2015). Cândido, Dear, and Lamberts
(2011) used 2075 questionnaires to study thermal acceptability in hot climates,
while Andreasi, Lamberts, and Cândido (2010) had 1301 respondents for the
‘one-question’ survey to examine thermal acceptability in hot humid regions in
Brazil. All these studies adopted questionnaire surveys related to occupant
satisfaction with their buildings.
This study included a survey questionnaire (Appendix B) to gather qualitative
data to identify the not-so-evident aspects of upgrades in SCRBs, such as
those indicated in the interfaces in Figure 3-1. These aspects include:
•

Profiles, satisfaction and behaviour of building occupants

•

Preferences and priorities of occupants choosing a commercial building

•

The most important building facilities for each type of business

•

Common practices regarding the use of energy, water and waste
production when occupying an SCRB

•

Occupant understanding of the functionalities of the building and their
perceptions about upgrading.

The data expected include the number of employees, the estimated number of
consumers per day, occupancy schedule, and the type of waste disposed of
by the business.
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In order to minimise disruption to the occupants the survey was designed to
collect relevant information without being too long; a paper-based
questionnaire was used to reduce disruption and limit the use of electronic
devices. The resulting two-page questionnaire is a combination of openended, closed-ended, and multiple-choice questions, as well as five-point
Likert scale items (Farrell and Hooker 2013). The questions were varied to
avoid boredom and encourage completion of the survey; the questionnaire is
available in Appendix B.
There was a need to pretest or pilot the questionnaire to check for
misunderstandings, typographical errors, wording errors, and mainly whether
the questions returned the expected data (Robson 2011; Creswell and
Creswell 2011). Five colleagues agreed to test the questionnaire and identify
points that were not clear; this involved applying some ‘think-aloud’ techniques
used by Conrad and Blair (2009) in cognitive interviews. This consists of
respondents talk about their impressions and difficulties while filling in the
questionnaire. The feedback from the pre-testing enabled some final
adjustments to the wording before the final version of the questionnaire was
printed. The changes in the questionnaire were:
-

Initially, the headings of the Likert scale were presented as ‘strongly
agree, agree, neutral, somewhat disagree and strongly disagree’ after
review, the headings were changes to read ‘important, somewhat
important, neutral, somewhat unimportant and not important’.

-

Module three about satisfaction included the questions about waste
management. After pretesting, this module was split in two, one for
satisfaction inside the building and the other about waste management.

-

Another change was the question about paying a higher rent for an
upgraded building. A set of options was added to a negative answer for
this question.

Participants were encouraged to fill out the questionnaire while the building
was being assessed. The advantages of this system are:
o participants did not postpone completing the questionnaire
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o eventual doubts can be addressed immediately
o questionnaires were filled in and collected when the audit was
completed
o data from the audit and survey were collected at the same time, thus
facilitating organisation.
This set of information is difficult to achieve but it is essential to understand the
upgrade dynamics in this sector (Hong et al. 2015).

3.6.3.6 Utility bills assessment
Utility bills assessment is a commonly adopted method to collect data about
the whole building utility consumption. It is one of the easiest and least
expensive ways of knowing utility usage such as electricity, gas and water
(Wang et al. 2019). Collecting and analyzing utility data is simplest it when a
facility manager keeps updated records (Wang et al. 2019). However, in the
SCRB sector, such a role - facility manager – is not as common as in corporate
office buildings. In this case, access to utility bills depends mostly on the good
will of the building owner or tenant. This technique has been adapted to fit the
characteristics of the SCRB sector in this study area. Therefore, utility bills
assessment was made on a premises level. Whole buildings were a minor part
of the studied sample.

3.6.3.7 Sampling
This research has two major samples to be considered. These are the
participants recruited to be interviewed, and those recruited to allow building
audits, which are comprised of a set of techniques. These two samples have
provided both qualitative and quantitative data to the research. The questions
this research aims to answer have as the main study object the SCRBs. These
buildings are occupied by a range of different businesses, which are expected
to be represented in this research sample. Realistically, not all types of
businesses and buildings in a building stock can be represented in the sample;
however a variety of them can represent the typical SCRB sector in the
Australian context. Detailed analysis of the types of building in this precinct is
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in Section 4.7.2.2 and the commercial activity subdivision into business
classes is in Section 4.7.2.3.
Sampling in qualitative research depends on the purpose of the inquiry, the
nature of the topic, and the resources available (Teddlie and Yu 2016; Patton
1990). Saturation can be used to ensure sample quality and validation in
qualitative studies, however O’Reilly and Parker (2012) argue that an
adequate sample is one that answers the research questions succinctly, while
providing depth and maximum opportunity for being able to transfer the
findings. This research combines saturation and minimum representativeness
to ensure an adequate sample size was gathered. The exploratory research
interviews adopted purposive sampling (Malterud, Siersma, and Guassora
2015; Lee, Moudon, and Courbois 2006) because it aimed to get the opinions
of key stakeholders. The criteria adopted for recruitment was the previous
experience of each interviewee in that specific role, which allowed them to
provide relevant information. The targeted sample number was at least one
interviewee per class of stakeholder in the SCRB sector (Heffernan and Wilde
2017; Teddlie and Yu 2016). These stakeholders were sought among local
building owners, tenants, real estate agents, facility managers, AEC
professionals, surveyors, builders and financial agents. The author interviewed
12 stakeholders as detailed in Section 4.3. Despite the many attempts, it was
not possible to have a representative of a financial agent interviewed.
Stratified purposive sampling (Teddlie and Yu 2016) (Malterud, Siersma, and
Guassora 2015) was used while collecting fieldwork data (Lee, Moudon, and
Courbois 2006); this entailed recruiting participants who were building
occupants, obtaining permission to conduct audits inside the buildings (Royal
Institution of Chartered Surveyors 2010), and recruiting as many participants
as possible. Balance between business types was sought, thus sampling was
guided by a combination of the boundaries established by the building type, as
summarised in Table 3-1, and the business classes identified in the precinct.
To allow for comparison within and across business types (Teddlie and Yu
2016), pilot experience suggests that at least three buildings from each
business class should be targeted. Sequential sampling took place to ensure
that at least the minimum sample number in each class was recruited
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(Peersman 2014), and to ensure that the buildings recruited are representative
of the SCRB sector. Sampling also sought a variety of relevant regional
businesses to ensure representation when creating new benchmarks (Teddlie
and Yu 2016).
There was a time during fieldwork when no new participant was recruited for
almost a week. Audits were already being carried out to demonstrate that the
process had very low disruption to business and occupants. At this point, the
minimum sample number of three buildings per business class was already
met and 35 participants were recruited. Thus, visits to premises were
suspended as it was considered that recruitment had achieved a saturation
point and putting more effort in this phase would not result in more participants.
Regarding scaling up the findings, in Cape Town (Martin 2013) a benchmark
was developed based on a sample of 20 buildings, which was too small to
scale up to national building stocks. For this research, a target of 30 premises
was established before recruitment started. This research will scale up to
similar SCRB sectors of regional centres in the Illawarra region, but not to the
national level. As this research has a significant proportion of qualitative
methods, it is expected that limited generalisability of the findings and results
can be applied to similar contexts (Dubickis and Gaile-Sarkane 2017; Johnson,
Grove, and Clarke 2019). Since sustainability is locally built, this research will
allow the extension of the findings and replication of the method to SCRB stock
in similar regional centres in New South Wales.
The sample target for this data collection technique was at least one person
per stakeholder group, with a focus on the quality of information rather than
quantity. Quality of information from a heterogeneous group can help to
understand the relations among the stakeholders.

3.7

Participant recruitment, engagement and ethical
considerations

There were many attempts to contact the Port Kembla Chamber of Commerce
(New South Wales Business Chamber 2019) without success. This was
despite the expectation was that the Chamber could facilitate the approach to
engage with business people, or even access to data about the business.
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The onsite engagement routine described in the Walkthrough Audit
Guidelines, Appendix B, consists of door knocking at commercial
establishments, introducing the researcher, presenting the objective of the
study and what is requested from participants. Those who declined were asked
why, and an advertisement pamphlet was given (Appendix B) in case they
changed their minds. Those who agreed received a pamphlet and were asked
to indicate a suitable time to carry out the audit and fill in the survey. They were
also asked to indicate neighbours who might agree to participate. The intention
was to increase the non-random sampling with other commercial buildings in
the neighbourhood to achieve a ‘snowball effect’ in the recruitment process.
(Heffernan, Heffernan, and Panc 2014) used the snowball technique combined
with convenience sampling to study the perceptions of people on the active
frontage rating and the related public space, and managed to recruit 152
participants for questionnaires. Whilst (Dowling, McGuirk, and Bulkeley 2014)
used snowballing sampling combined with audits of websites to study
retrofitting initiatives around Sydney in Australia. Snowball sampling is also
known as ‘chain referral sampling’, a non-probability sampling technique used
to identify hidden or hard to reach populations or potential subjects/sources of
data in studies where they are hard to locate (Atkinson and Flint 2001).
However, snowball sampling in this study was not as effective as anticipated.
Word of mouth, phone calls and emails were used to try to recruit other local
businesses. The researcher wrote letters of invitation to building owners (as
opposed to building occupants); the letters were sent out via Wollongong City
Council as they have a database containing names and addresses of building
owners but were unable to share these personal details with the researcher.
With this strategy the owners of vacant buildings could be reached, and two
building owners responded to the letters by getting in contact with the
researcher.
The Australian Code for Responsible Conduct of Research (Australian
Government 2007) ensures that participant privacy is protected and that
participants are not adversely inconvenienced during the recruitment and
research process. Methods that involve the direct or indirect participation of
people must be approved by the Human Research Ethics Committee (HREC)
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at the University of Wollongong. All the procedures carried out in this research
followed two approved ethic protocols: one for interviews with stakeholders,
and the other one for building audits (Appendix B).
With regards to the disclosure of images, names, addresses, brands,
processes and business expenditure or costs, it was a condition of approval
that:
i) all the data collected should be used strictly for the purpose of this
research as declared in the Participant Information Sheet (Appendix
B), and
ii) all the data and information generated from the data should be deidentified before inclusion in research outcomes.

3.8

Data analysis methods

Data analysis is represented in Figure 3-2 as a dashed red line rectangle. This
is because analysis in this MMR was carried out with two objectives. The first
objective, in the exploratory phase, was to get information from data to ensure
the research design was adequate to the context studied. The second
objective was to enhance knowledge about the physical buildings, the type of
installed systems and the profile of the occupants in order to plan the next
steps in this research.
In MMR, data analysis consists of a set of different analytical techniques that
are understood as analytic decisions, which might be taken before, during or
after data collection (Onwuegbuzie and Combs 2011). These decisions might
support other methods either in a concurrent or sequential analysis, depending
on the results needed. Along with the development of this research, analytical
decisions were a background for data collection so as to inform the next steps.
For example, if when analysing data collected it was found there was not
enough buildings from a particular business class, e.g. FO or food related
businesses, a decision was taken to make an effort to visit more FO related
businesses and try to recruit them to the research.
As a result of this analysis, data integration combines, compares and
synthesises the results from the different methods adopted in order to produce
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a coherent whole to address the research question (Johnson, Onwuegbuzie,
and Turner 2007; Onwuegbuzie and Combs 2011). This section explains the
transformation process from first-hand raw data to usable information.

3.8.1 Analysis of interviews
As well as audio-recordings, notes were taken during and after interviews to
register – memoing - the verbal and non-verbal communication that is common
during interviews (Grang and Cook 2007; Finfgeld-Connett 2013). The audiorecorded interviews were transcribed by the researcher. According to Haigh
(2008), transcription might be time consuming and sometimes tedious, but it is
an opportunity for the researcher to re-familiarise with the data collected
(Haigh 2008; Teddlie and Yu 2016). The transcription was not a
straightforward process due to difficulties inherent to transcribing the interview
records such as intrusive background noises, the speed of conversations, and
echoes due to bad acoustics. Whilst interviewing needs a lot of concentration,
transcribing requires even more (Grang and Cook 2007). However, notes
taken along with audio-recording helped to overcome the difficulties of this task
(Finfgeld-Connett 2013). Interviewees were given pseudonyms to preserve
their identities, as in the study by Major and Savin-Baden (2011). Permissions
were double checked to identify the level of disclosure of information from each
interview, such as whether or not they wanted to be contacted further in the
study and whether or not they would allow their statements to be published in
academic works.
Thematic analysis was used (Onwuegbuzie and Combs 2011). Section
3.6.3.7, about the sampling methods adopted, explained that the analysis of
data was concurrent with recruitment and data collection. Using the
comparison and contrast principle (Teddlie and Yu 2016), themes emerged
from transcription more smoothly, and data reduction was carried out by using
constant comparison analysis (Onwuegbuzie and Combs 2011). The emerging
themes were used to structure ongoing interviews and desktop survey while
indicating new topics to be approached and the need for other stakeholders to
be contacted. In this way the knowledge produced by this research was locally
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built, which is aligned to the sustainability approach detailed in the beginning
of this chapter.

3.8.2 Analysis of documentary data from a desktop survey
Data were search among the main peer-reviewed academic databases, such
as Web of Science, white papers from the building industry and real estate,
and documents and reports from the public administration (e.g. local or federal
governments). The terms of search were mainly those detailed in Section 2.3.
The data gathered from the desktop survey informed and supported the
development of the RQs and ensured that research design was appropriate to
the local context. This research phase took a long time, as it was expected that
more information on SBRC would be found, if not in Australia, in other contexts.
This eventually yielded information about larger commercial buildings or
information from other countries, which might have a different climate,
construction cultures, and social practices. The analysis of the documentation
found, by comparison and exclusion, was used to generate information to
guide the research steps.
Since there was no data on the SCRB sub-sector that could be used, primary
data was produced to allow analysis that would address the RQs. The lack of
information on the SCRB sector led to the conclusion that there was a need
for more research on this topic. Therefore, most of the documents searched
during the desktop survey was used for triangulation or comparison to define
the gap in the specialised literature.

3.8.3 Analysis of data from the fieldwork
Data collected from fieldwork were analysed concurrently with recruitment,
which made it possible to calibrate the efforts made towards getting specific
buildings and business classes to compose the sample.
All data collected during walkthrough audits were systematically analysed by
comparison and contrast (Teddlie and Yu 2016), which resulted in eventual
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elimination. This was the case for the electricity bills that were not from the
same period of the other buildings in the sample; therefore these bills were not
used in the benchmarks. Notes were taken about the reasons for exclusion
from the data set, aiming to facilitate the thesis writing. Following that, the
remaining valid data were evaluated according to the nature of the information
they provided (Peersman 2014). Numerical data such as the dimensions of the
floor area, or consumption from utility bills and number of people working in
premises were processed resulting in new information being integrated with
other sources of data. Qualitative data, such as type of waste produced in
premises, level of comfort of occupants inside the building, and statements
from interviewees, compose the major part of this research. Data management
also included the interpretation of how data added to the development of new
information, and classification and organisation according to the business
class and building type. These major classifications were then subdivided into
variables related to the construction, installed systems and occupancy profile,
from which variables were analysed iteratively, combined and integrated to
support further phases of this research (Onwuegbuzie and Combs 2011).
Integration of data is discussed in Section 3.10 and presented in Chapter Four.

3.9

Validation

Angoff (1988) wrote that ‘‘construct validation is a process, not a procedure;
and it requires many lines of evidence, not all of them quantitative’’ (1988 p.
26 cited in (Morell and Tan 2009). An MMR approach was used in this study
to capture and maximize both quantitative and qualitative data (Morell and Tan
2009). The validation of data and findings is a sensitive topic when applied to
MMR because different methods demand different validation processes.
Dellinger and Leech highlight that ‘the concept of validity has yet to be
delineated for MMR’ (Dellinger and Leech 2007, p. 315). To give an example,
Farrell, McConnell, and Brulle (2019, p.122) define validity as ‘how well a
measure really measures what it purports to measure’, i.e. construct validity
concerns the extent to which the research measures what it claims to measure
(Walliman 2011). In this regard, a top down approach was adopted for both
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qualitative and quantitative methods in this MMR research, and used to collect
data about physical buildings and their related occupancy.
Internal validity is more commonly adopted to validate experimental research,
in which variables or sample groups can be controlled while others are treated.
The RQs about the built environment deal with complexity as an inherent
aspect, as such, and indeed because the object under analysis is in its natural
context and without control the categories of analysis are very stratified.
Therefore, the primary strength of this research is its reliance on multiple
sources of data (Pomponi et al. 2015) and an MMR approach to generate
knowledge from them.
External validity refers to the extent to which the findings can be generalised
(Walliman 2011). This research was carried out in two different areas. The
experience achieved with the pilot area allowed improvements to the
methodology before implementation in the main study area. Despite these
areas having significant differences regarding their areas and variety of
building typologies and business classes, the specific selected areas have
similarities and are core commercial areas (SGS Economics and Planning
2014; National Institute of Economic and Industry Research 2013). Both areas
also have peculiarities that could differentiate them: the industrial activities in
Port Kembla, and the modernised CBD in Wollongong. Despite these
peculiarities, both areas are populated with small commercial buildings, which
are the object of this research. Therefore they were considered ideal for
conducting the research.
As the methodology was applied and tested twice in regional centres, it is
legitimate to affirm that it can be replicated with success in other centres with
similar characteristics. The findings resulting from both study areas are a
snapshot in time of a specific set of building types and business classes. The
sample size, comprised of 35 buildings distributed within five business classes
and four building/premises types, was sufficient to characterise the precinct,
but not enough to generalise to all SCRB in regional centres. As business and
buildings can vary from place to place, it is expected that results vary
accordingly. Thus, findings from this research can only be generalised to
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similar contexts in Australia. Findings should not be generalised to other
building stock contexts. The methodology, however, can be applied to similar
SCRB sectors in regional centres in Australia and elsewhere.
Reliability refers to whether data collection techniques reproduce findings
consistently if they are repeated on another occasion by another researcher.
It is expected that the reproduction of the methodology developed in this
research can result in similar rates of response or amounts of relevant data for
SCRB buildings in regional centres, in the sense that the reproduction of the
methodology would result in relevant data. Four issues concerning reliability
are possible: participant error, participant bias, researcher error and
researcher bias (Norris 2007). To address the issues of participant error and
bias, the questionnaire adopted a mix of types of questions, with Likert scale,
interval data and multiple item answers (Hoxley 2008) to make the participants
feel comfortable in providing answers without excessive exposure of their
privacy, and allow them to avoid handwriting the answers. During research
design, each method or technique was piloted with co-researchers, before they
were piloted in the real study area, as detailed in Section 3.12. Indeed, there
is no reason for a false response, since they could choose not to take part in
the research, and they provided written informed consent prior to participation
(Walliman 2011). It is considered that all participants collaborated in the study
in goodwill. Regarding researcher error and bias, the researcher was
concerned about balancing the number of buildings sampled in each business
class. It is submitted that the 35 participants (71%) out of 49 premises that are
in the scope of this research, with a reasonable spread into five business
classes, are representative of the main study area. The engagement with
participants followed a pre-defined protocol to ensure the spread through
business classes and that all participants received the same treatment from
the researcher. There was the possibility of misinterpretation due to the
researcher’s having English as a second language which was minimised by
follow-up supervision of the research steps and results. In the face of these
provisions, the research is demonstrated to be reliable. During data analysis,
integration and synthesis, scientific objectivity was maintained as much as
possible (Walliman 2011).
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3.9.1 Triangulation in data collection
This research adopted triangulation methods to populate the data framework
needed to address the RQs. Triangulation methods are outlined by Denzin
(1978 p 291, as cited in Johnson, Onwuegbuzie, and Turner (2007) as ‘the
combination of methodologies to study the same phenomenon’ (Johnson,
Onwuegbuzie, and Turner 2007). Similarly, Patton (2015) states that ‘the logic
of triangulation is based on the premise that no single method ever adequately
solves the problem of rival explanations’ (Patton 2015, p.555). In this research,
between-methods triangulation (Johnson, Onwuegbuzie, and Turner 2007;
Johnson, Grove, and Clarke 2019) was used to compare, integrate and
validate the results and findings and to fill gaps in data across mixed methods
to overcome limitations. Figure 3-5 shows the potential for triangulation of each
method or technique per variable or criterion.

Sustainability awareness
Occupant proactivity
Energy use intensity
HVAC system
Building owner proactivity
Occupancy status
Waste production
Building breakdown area
Natural ventilation
Natural lighting
Heating /cooling loads
Resurces use intensity
Technology used
Use of controls
Type of fuel
Insulation
Airtightness (estimation)
Adaptation / original use
Age / maintenance
Type of roof
Façade elements
Lighting design
Façade inspection
Building orientation
Building footprint
0

1

2

3

4

5

6

Figure 3-5 Potential for triangulation or number of methods to achieve data for
each criterion.
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Most of the data triangulated were data from audits. Figure 3-5 shows the
number of opportunities to get data according to each method or technique
adopted. The longer the bar for each criterion, the greater the chances to
access triangulation data. For instance, a criterion such as insulation has only
one possibility of access, which is through participant information. Data
analysis and integration are discussed in Section 3.10, in which Figure 3-7
details the integration of data.

Figure 3-6 Number of potential sources of data per method adopted
Source: Author

3.10 Data integration and synthesis
The data gathered were analysed and integrated to generate new information
that would enhance the knowledge of SCRB in regional centres. At the design
level, this research has an exploratory sequential design (Fetters, Curry, and
Creswell 2013) that commenced with qualitative data collection in the
exploratory phase to inform the quanti-qualitative collection of data during
fieldwork. Integration at a methodological level occurs by a process called
embedding, which means that data collection and analysis are linked at
multiple points (Fetters, Curry, and Creswell 2013). At a report level, data is
integrated through data-transformation with some parts informed by joint
displays such as side-by-side demonstration of data along with the
presentation of findings (Fetters, Curry, and Creswell 2013).
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Patton (1990) states that when selecting a small sample of great diversity, the
data collection and analysis will yield two kinds of findings:
i)

high-quality, detailed descriptions of each building, which are
useful for documenting uniqueness; and

ii)

important shared patterns that cut across buildings and derive
their significance from having emerged out of heterogeneity.

Thus, data from different sources are presented in a multi-scaled integration,
starting with urban and precinct scales, and then up to building scale. The
urban scale of analysis establishes the boundaries of the research object
within the building stock. This object is the smaller commercial and retail
buildings in regional centres. The importance of this scale of analysis is
represented by the extended environmental impacts of building performance
in a major social, economic and environmental context. Therefore, the findings
from this scale of analysis and integration are the result of comparing the data
collected with other contexts. This is not necessarily to evaluate performance,
but to look for previous experiences on how to achieve it.
The precinct scale of analysis was established by a set of commonalities that
identify the precinct as a unit (James et al. 2015) or as a central place with
travel-attraction capacity (National Institute of Economic and Industry
Research 2013). In this research, it is defined by a concentration of ageing
commercial buildings that are typical in regional centres, and the social and
urban use of the space. Analysis at this level aims to understand the
relationship between the buildings and occupants. The site analysis provides
information such as a description of streetscapes, typology classification,
implantation of buildings in the lot, envelope finishing materials, end use of
buildings and street activation. Therefore, the techniques adopted to analyse
data include pattern identification (Gentile et al. 2016) for quantitative and
qualitative data such as end uses, resource consumption and behaviour (e.g.
pedestrians); and statistics such as mean value of quantitative data from
buildings and utility bills.
The analysis at the building scale gathers quantitative and qualitative data from
systems and components, as well as the habits of the occupants, which results
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in a set of information about the building. This is believed to be the largest and
most diverse set of information collected from real buildings in this subsector
in this region and comprises a new dataset. This data is integrated by a
combination of research phases within the MMR design; it follows the scheme
shown in Figure 3-7.

Figure 3-7 Diagram for data integration. Source: Author.

Outcomes from this integration include the energy use intensity (EUI), water
usage intensity (WUI) and the waste generation profile, and other information
that will inform the benchmarking and evaluation of the potential to upgrade.
The way back to the macro-scale analysis aims to link the findings and results
achieved with the previous methods, at the micro-scale level, to identify the
potential strategies to increase the uptake of retrofits or upgrades. Scaling up
the building level findings to the precinct level is not a matter of multiplying the
average by the number of buildings. The approach adopted in this research
intended to emphasise the unique characteristics of the SCRB sector. For this
reason, the results achieved from this approach are appropriate to be scaled
from building to precinct level.
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Decisions about which buildings to include in the sample were taken in every
step of the operational research. Concurrent and stratified sampling during the
recruitment process was followed by recurrent decisions after each recruitment
and respective audit (Kamari, Corrao, and Kirkegaard 2017; Gohardani and
Björk 2012). A list of suitable and potential sustainability measures and the
level of effort needed to implement them was compiled from the specialised
literature to assist during the decision process. The decision on which
sustainability measures to recommend to participants was based on the
feasibility of no cost and low cost measures among the technically possible
measures.
Attribution of sustainability retrofit measures considered the climate zone of
the building location as an important variable that has implications for the bioclimatic design. Australia is divided into eight climatic zones. All the buildings
in this study are in Zone 5, so there is no climatic zone variation for this study.
However, when replicating this method in other regional centres, the climatic
zoning should be verified for the targeted area.

3.10.1

Benchmarking the SCRBs

The integration of data allows for a definition of new benchmarks for the SCRB
sector according to the five proposed business classes.

3.10.1.1 Benchmarking for electricity and gas consumption
Each business class has an average electricity use intensity (EUI), gas use
intensity (GUI) and WUI (water use intensity), and volume of waste disposal
average. Benchmarking using EUI and WUI facilitates comparisons between
buildings within the same typology or end use categories such as offices,
hospitals and shopping malls, because they have similar architectural
programs and they are more likely to have the same consumption profile,
though varying in the total constructed area. For example, Martin (2013)
correlated the gross floor area (GFA) data with electricity data to establish the
EUI for commercial buildings in a low cost alternative benchmark for
commercial buildings in Cape Town. In this research the EUI in the SCRB
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considers the granularity of the types of buildings and is presented by business
classes identified in the precincts studied (Martin 2013).
During data collection and analysis, five business classes were identified:
Retail, Offices, Food, Health and Beauty, and Services. The electricity and gas
performance links this energy consumption to the physical building, as
provided by electricity and gas bills, to the area of the building. The EUI in
kWh/m2 (kilowatts per hour per square metre) allows for a comparison across
buildings with different areas. These indicators are well accepted and are
much used by policy makers to verify compliance with the council’s DA
process. However, it was not possible to find any sub-metered information
about the split of electricity consumption in the SCRBs in the Australian
context. This fact indicates that data need to be produced to address the RQs.
Gas consumption is generally included in the calculation of EUI, but not all
buildings in this precinct have a gas supply and there is no information about
whether the building does or does not have gas facilities. The fact that no bill
was provided does not necessarily indicate that the facility does not have gas,
so the data is presented separately, and expressed in MJ (megajoules) and
MJ/m2 (megajoules per square meter). The reference buildings should have
the same source of energy and end-uses, otherwise they cannot be compared.
WUI removes the effect of the size of the buildings (American Society of
Heating Refrigerating and Air-Conditioning Engineers 2012) by calculating
water usage per square metre (Amitrano et al. 2014) per annum or another
period of interest. It is expressed in terms of a thousand litres per square metre
(KL/m2). This indicator might also be used to estimate the volume of
wastewater produced by the premises as an approach to sustainability since
sewage generation is required to be accounted for.
An evaluation of thermal performance relies on the Post-Occupancy
Evaluation survey of occupants’ satisfaction with the buildings. These answers
are combined with the condition survey taken during the audits to understand
how the windows, artificial lighting and HVAC systems are used. Assumptions
could be made about the thermal behaviour of the construction by analysing
the construction elements of the envelope and estimating the internal heat
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generated by people and the working devices or plug loads (electrical or gas).
The data collection tool was designed to collect this type of information.
However, due to the way occupants use the premises and the electrical
appliances, it was difficult to establish a pattern that could be related to the
energy bills provided in the macro analysis. The opposite occurred with the
estimation of materials and construction techniques. The comparison with the
detached buildings in the residential sector, built in the same period in time,
was facilitated by a study on residential typologies in Australia (Daly et al.
2016). Assumptions on the type of construction technique and building
materials were made based on this study of the residential building stock. In
some cases it was possible to triangulate and find evidence to endorse the
analysis.

3.10.1.2 Benchmarking for water consumption
Following the existing tools, procedures, protocols and metrics such as the
NABERs Water Rating, would facilitate the implementation of measures and
further comparisons of the related benchmarks. However, since existing
benchmarks often do not consider the SCRB, they are not representative of
this building sub-sector and might not provide a fair comparison. A new method
to benchmark water in the SCRB sector should consider the context and
specificities of each business class.
From the procedures established in NABERS water rating, data for up to 20%
of the total consumption may apply to a period up to two to four months outside
the rating period, depending on the billing period (New South Wales Office of
Environment and Heritage 2013). This procedure would have been useful if
water consumption data at the premises level were not so difficult to access. It
is especially difficult in rented premises.

3.10.1.3 Benchmarking waste generation
The approach to the generation of waste in commercial buildings is twofold. It
can relate to the waste produced during business operation and the waste
resulting from fit-out, refurbishment and adaptation, which is known as
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construction and demolition materials (CDM). The production of waste related
to activities carried out inside the buildings can be measured and
benchmarked by the new NABERS Waste Rating. It measures the amount of
waste generated during the operation of the building in use and how much of
that volume is diverted from landfill.
In this research, data relating to waste generation has a quantitative and
qualitative approach. Within the questionnaire survey, participants were asked
to list types of waste their business generates, the frequency of waste
collection and who provides the service, and to report the size of the bin they
use to store waste until collection. This last information allows the calculation
of the approximate volume of waste generated on a monthly basis. The type
of waste is useful for estimating the overall environmental impact of the
buildings/businesses on the precinct, based on the NABERS Waste Rating
Tool (New South Wales Office of Environment and Heritage 2017), which
provides a method and a reference for benchmarking; this tool rates the
number of materials generated by a building against how much is diverted from
landfill.

3.11 Potential to upgrade
Characterising the performance of the precinct as a representative of the
SCRB sector contributes to increasing our knowledge of this sub-sector. One
of the outcomes of this research is a diffusion of the knowledge achieved to
the benefit of the stakeholders.
Different stakeholders have different interests, but the questions around the
upgrading dynamics are common: When to upgrade? What strategy to adopt?
What to do first? (Bullen and Love 2011a, 2011b). A successful upgrade
should consider technical, practical and financial feasibility (Lutzkendorf, Fan,
and Lorenz 2011) and cultural acceptance (United Nations 2013; Cohen and
Bordass 2015). The upgrade planning of a building should be assisted by an
AEC professional who has professional training to address the individual
issues with the appropriate solution.
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During the audits it was possible to identify elements in the construction,
systems, or even daily practice, that if changed, could generate savings and
improvements in the comfort perceived. For this reason, a checklist was
created with the intention to help stakeholders identify the opportunities for
improving their buildings. This checklist (Section 5.7.1) was used to provide
feedback to those participants who agreed to participate in this research.
Feedback is considered to be a powerful tool for improving building
performance (Bordass and Leaman 2005a).

3.12 Expected outcomes
To overcome the lack of information on buildings in the SCRB sector, a method
for collecting data is presented in Section 3.5. This MMR design is the first
outcome expected in this research. The mix of methods and techniques were
piloted in Crown Street, Wollongong, Australia, in May and June 2016. After
being reviewed, the data collection methods were applied to a wider area in
Port Kembla, Australia, during the months of May and June 2017. From this
second experience, enough data was generated to allow the identification of
the characteristics that differentiate the SCRB sub-sector.
Data collected from implementing this MMR design is presented in Chapter
Four. The integration, analysis and synthesis are presented in Chapter Five,
along with the benchmarks that characterise this precinct and the feedback to
participants as one of the paths to the diffusion of the findings and results of
this research.
The expected outcomes in this research are:
a) Design of a tailored method for collecting primary data from existing
buildings
b) Development of benchmarks for utility consumption, based on data
collected from existing buildings in the SCRB
c) Characterisation of the performance of the SCRB, based on data collected
from real buildings in the sample and the generation of new benchmarks for
this sub-sector
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d) Dissemination of the research findings as meaningful and actionable
information to the key occupants.

3.13 Pilot study: West Crown Street, Wollongong, NSW
The West Crown Street precinct was initially selected to be the main study
area of this research, but the very low number of responses during recruitment
resulted in a dataset with an inadequate number to allow for the required
analysis. This was then considered to be a pilot study to enable a reflection on
recruitment,

with

four

aspects

emerging:

Strengths,

Weaknesses,

Opportunities and Threats (SWOT) (Dyson 2004). This technique enabled the
recruitment phase to be improved, so this pilot study was insightful in terms of
profiling the occupants; these insights were used to improve the recruitment
protocol before selecting another study area.

3.13.1

Justification of selection of the pilot study site

The criteria considered to select an area to pilot the data collecting methods
for included but are not limited to: the similarity with the typology of buildings
commonly found in regional centres; the diversity and mix of building ages;
and the proximity of the area, to facilitate many visits during recruitment of
participants and building assessment. Moreover, the study area should allow
comparison to identifiable existing data structures, so that research findings
can be compared to existing knowledge. For instance, taking into
consideration the structure in which the Australian Bureau of Statistics (ABS)
publishes data on buildings and businesses (e.g. census, counting of
businesses), the selected study areas - the pilot area and the main study area
- make it possible to compare data from the findings. The possibility of
complementing and integrating data and findings from this research into the
existing governmental data structure facilitates the reuse of data, which allows
broader consultation. Since 2011, the ABS has adopted the Australian
Standard of Geographic Classification (ASGS) which has the statistical local
area (SLA) as the smallest geographic data unit. Data collected in this
research, at a building level and/or a precinct level, has potential for a level of
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detail equivalent to one of the levels of the ABS, as shown in Table 3-5
Classification of the statistical areas according to the population.

Table 3-5 Classification of the statistical areas according to the population.
Statistical Areas
Level 1 (SA1)
Level 2 (SA2)
Level 3 (SA3)
Level 4 (SA4)
Greater Capital City

Population (approximately)
Minimum
Maximum
200
800
3,000
25,000
30,000
130,000
100,000
500,000
GCCSAs are built from SA4s

Average
400
10,000

Source: Australian Bureau of Statistics 2016a.
For example, the Greater Capital City Statistical Areas (GCCSAs) are
designed to represent the functional extent of each of the eight State and
Territory capital cities, which include the people who regularly socialise, shop
or work within the city, but live in the small towns and rural areas surrounding
the city. Therefore, GCCSAs are not bound by a minimum population size
criterion but rather are built from multiple SA4s (Australian Bureau of Statistics
2016a). When the study area is contained in one of these classes, for instance
the SA2, the findings from this research can be added to the dataset referring
to this area. This means that study areas that are spread across more than
one class can still generate data, despite not fitting the structure of the ABS.
Wollongong is located on the coast of the Illawarra Region, NSW, Australia.
The key industries are manufacturing, retail and tourism (New South Wales
Government 2017), and it is a growing city with increasing levels of
construction concentrated in the city centre and adjacent areas.
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Figure 3-8 Australia’s 18 major cities – Population Change from 2001 to 2010.

Source: Statistical division for capital cities, Australian Bureau of Statistics
2011b.
Wollongong is the ninth Australian city in population size. Despite the current
construction boom, the commercial core of the city offers the typical elements
that characterise and represent regional centres in Australia and meet the
criteria established for this research. These characteristics include a mix of
building heights, mostly smaller scale commercial buildings, a range of building
ages in the central area, most of which are older, and a variety of commercial
activities. The proximity of this area facilitated the daily trips needed to carry
out fieldwork activities. The area was then narrowed to the west segment of
Crown Street, limited by Denison Street and Keira Street. This precinct
contains 60 buildings subdivided into approximately 107 premises/businesses.
The audits were carried out in May and June 2016, during working hours, at a
date and time nominated by the occupants. The typical working hours in this
precinct range between 6 am and 10 pm, depending on the type of business.
For example, a coffee shop might start preparing products as early as 6 am,
while a restaurant might serve meals until late at night.
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Despite the initial boundaries being set within West Crown Street, the low
number of occupants willing to participate in the study resulted in an
enlargement of the pilot study area to accommodate more participants whose
buildings matched the scope of the study.

Figure 3-9 View
SCRB in Crown
Street.

Figure 3-10 Aerial views of the precinct.

Source: Google 2018a.

Source: Author.
Among the 107 premises identified in this precinct, 18 were outside the scope
of this research due to either the type of commercial activity (e.g. nightclub) or
the size of the building (e.g more than 1,000m 2 or higher than four storeys). Of
the buildings in the scope of this research, 23 were vacant and no contact was
possible. The 66 remaining premises were contacted, however, only eight
agreed to participate and were recruited. Of these eight recruited participants,
six came from within the initial precinct – West Crown Street - and two came
from outside this precinct but were still inside the commercial core of
Wollongong. Statements such as ‘Ask in another shop’, ‘I’m too busy to talk to
you now’, ‘I don’t know anything about energy’, and ‘I don’t have time’ were
some of the reasons given for not engaging in this study. If the total number of
premises in the precinct (107) is considered, the response of those in the
scope of this research (8) is 7.5%. If considering only the number of the
targeted buildings (66 out of 107) it is a 12% recruitment rate, still considered
low. Therefore this sample was considered not sufficient to address the
research questions.
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3.13.2

Data collected at the pilot study site

Making progress in this research depended on recruiting occupants willing to
give permission to enter their buildings to collect data. Table 3-6 lists the
profiles of the respondents, their type of business, the overall length of lease
and electricity consumption per quarter, if that information was provided.

Table 3-6 Profile of the participants, their business and building types.
Participants
profile
Age
Gender
range
Female 51 - 65
Female 18 - 35
Female 36 - 50
Female 18 - 35
Female 36 - 50
Male
36 - 50
Female 36 - 50
Female 36 - 50

Business and building type
Area
(m2)
84
203
160
86
102
103
126

Business type

Lease term Staff

Coffee shop
Coffee shop
Health and Beauty
Health and Beauty
Retail
Restaurant
Restaurant
Finance

4 years
4 months
9 years
3 months
2 years
6 months
2 years
6 months

3
4
6
8
2
5
4
4

Customers
per day
21 to 40
+60
0 to 20
21 to 40
41 to 60
21 to 40
41 to 60
+60

Electricity
(kWh)
3,973
2,937
358

In this precinct, participants are predominantly female business owners with
ages ranging from 36 to 50 years; the overall length of lease in these premises
ranges from three months to nine years, the building areas are from 84 m 2 to
203 m2, and there are four business classes identified among the recruits: retail
(RE), food (FO), office (OF) and health and beauty (HB).
Section 2 of the questionnaire concerned priorities when choosing a building
in which to operate the business, and it was bifold. Question 2.1 asked about
characteristics such as location, service reliability, floor area availability, cost
of rent, visibility from the street, maintenance costs and proximity of parking
areas. Responding to this question, seven out of eight respondents considered
location and services reliability to be important, followed by area availability,
rental costs and visibility from the street. The importance of parking areas was
equally divided between somewhat important, neutral and somewhat
unimportant. Table 3-7 summarises the number of votes for each aspect listed.
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Table 3-7 Summary of responses for Question 2.1 of the questionnaire
Question 2.1 When choosing a building in which to conduct your business, please rate
the importance of the following issues.
Priority when
Somewhat
Somewhat
Not
No
choosing a building to Important
Neutral
important
unimportant important response
operate the business
Location
7
0
0
0
0
1
Services reliability
7
0
0
0
0
1
Floor area availability 6
1
0
0
0
1
Costs of rent
6
1
0
0
0
1
Visibility from street
6
1
0
0
0
1
Maintenance costs
2
3
2
0
0
1
Parking area nearby
2
2
2
1
0
1

Source: Compiled by the author.
Question 2.2 of the questionnaire asked respondents to rate the most
important building facilities for their business. Natural lighting, water and air
conditioning were rated most important, followed by electricity, artificial
lighting, hot water and natural ventilation, as indicated in Table 3-8.

Table 3-8 Summary of the respondent rating of the most important building
facilities for business
Question 2.2 Rate the importance of these building facilities for the business.
Building facility

Important

Somewhat
important

Neutral

Somewhat
unimportant

Not
important

No
response

Natural lighting
Water
Air conditioning
Electricity
Artificial lighting
Hot water
Natural ventilation
Interior design
Gas
Heating

5
5
5
4
4
4
4
3
3
1

1
1
0
2
3
1
0
3
2
3

1
0
0
1
0
0
1
1
0
3

1
1
1
0
0
2
1
0
2
0

0
0
0
0
0
0
1
0
0
0

1
1
1
1
1
1
1
1
1
1

Source: Compiled by the author.
Most occupants declared they felt comfortable inside the buildings they
occupied, with only three saying they were uncomfortable: two in summer (one
male and one female) and one in winter (female). They differ in their use of air
conditioning, ranging from ‘having it installed and not using it’ to ‘using it all the
time to avoid being uncomfortable’. The average set point of those who use air
conditioning varies from 19oC to 25oC in summer.
With regard to maintenance, their complaints about building components
include damaged and leaking water pipes, lack of natural ventilation, low
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ceilings, lack of storage area for waste bins (while waiting for removal). The
respondents did not see themselves as responsible for routine maintenance.
The waste generated in the buildings varies in type and volume according to
the business, with volume ranging from 98 litres to 1320 litres/week. Waste is
collected mainly by private companies, and the frequency of collection varies
with the type of business and waste produced. The type of waste produced
includes but is not limited to cardboard, food, glass (bottles), coffee cups,
staples, food wrapping, paper and some human waste items such as paper
towels, bed sheets, gloves and alcohol wipes. Waste removal in food-related
businesses is daily, while in other buildings ‘just keeping it during the week to
dispose it at home, due to not having a collection at the shop’ was observed.
In some instances, the service is shared by two or three businesses to reduce
costs, whether they are in the same building or not. With regards to waste
separation, only two businesses reported separating recyclables, and no
composting practices were registered.
With regard to upgrades, two occupants had no information because they had
only occupied the building for a short time; six occupants declared their
buildings had been upgraded some time within the last ten years, and two
stated that the upgrades were before 2005. One respondent spent less than
A$5,000 for external shading and LED lighting, while three others declared
they had spent between A$5,000 and A$15,000 on LED lighting, relocating
walls, flooring, split system air conditioning, installing external shading and
painting; only one respondent spent more than A$30,000 on the upgrade. Four
respondents received no professional support, while others stated that the
most helpful sources of information were either the contractor, or the sales
person at the hardware shop, or the local city council. These results are similar
to the impressions of by Gus and Joe (real estate agents 2015) that in this
sector people will only upgrade when they are losing money.
When asked what was the one upgrade they would make if given the
opportunity, the answers varied: two said they would shift to LED lighting,
install floor insulation, solar hot water and buy new equipment, and two others
would change the building layout, install solar panels and skylights, and
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improve the air conditioning system. The respondents obviously failed to read
the question correctly, because they chose more than one option. However, at
the time of completion, none of the respondents sought further instructions.
Four occupants stated that the main barrier to retrofitting was the ‘upfront
costs’, while the other four considered that the main barriers were: the return
on investment being insufficient, the owner not being willing to upgrade, the
disruption to the business, the lack of technical knowledge about saving
devices, or the lack of incentive from the council. When asked if they would
pay a higher rent for an upgraded building, only one respondent out of eight
said yes. Then the question was about how much would they pay for the
retrofitted premises and the answer was an increase of up to 1% in the rent if
the building was upgraded. The turnover of tenants in this area is very high, as
businesses move from one tenancy to another less expensive tenancy.
In this scenario many type of pop-up shops (Figure 3-11) are a manifestation
of the disruption to commercial buildings. Pop-up shops can bring benefits to
different stakeholders: Pedestrians can benefit with the reconnection with
empty store fronts (Heffernan, Heffernan, and Pan 2014); Business owners
can benefit from the lower opening and closing costs and faster rental process
(estimated one fifth) when compared to traditional shops; Building owners are
benefited by reducing the burdens of an empty premises (Morrell and Goulding
2017) (Studio GL Pty Ltd 2017; Jones 2017). Commercial spaces with very
short-term leases are offered, possibly at lower rents. Pop-up shops is a
phenomenon related, among other causes, with high retail vacancy and
relaxation in planning regulation (Jones 2017).
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Figure 3-11
Pop-up shop
advertised in Crown Street,
Wollongong.

Figure 3-13 Window had operability
eliminated, probably to increase
security.

Figure 3-12
Suspended timber
floor as seen from the basement.

Figure 3-14 Wall cavity where rat
infestation occurred.

Some of the construction issues identified in these buildings refer to the
building fabric (e.g. failures in the rendering and gaps between windows and
the walls they are installed in), but others to the way occupants interact with
the building components and facilities (e.g. inoperable windows). Figure 3-12
shows the suspended timber floor of a building in Crown Street, indicating the
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construction of some of the buildings inspected. Figure 3-13 represents a
common practice noticed in commercial business as they seek opportunities
to increase security levels – the elimination of window operability by
permanently fixing the shashes, which results in no air changes. Buildings in
this situation usually had an air conditioning system, as well as issues with
mould such as a strong smell of mould in the indoor air and mould stains on
the walls. Figure 3-14 shows part of the wall cavity where the occupant had to
remove a rat infestation. The problems identified during fieldwork in Crown
Street are multi-faceted. Unfortunately, there was not enough information from
this precinct to develop the analysis proposed in this research.

3.12.3

Lessons learned from the pilot study

The sample analysed consisted of eight buildings which represent businesses
such as restaurants (2), coffee shops (2), personal care or beauty services (2),
office (1), and retail shop (1). Of these eight buildings, only three provided
energy bills (one office, one personal care, and one coffee shop). A couple of
weeks after the assessment, three businesses from whom participants had
been recruited were no longer operating from the same address; this indicates
the volatility and transient nature of some businesses within this sector.
Thus, to allow continuity of research, this experience in West Crown Street
was considered to be a pilot study from which lessons were identified and
learnt.

A SWOT analysis was carried out to identify the strengths,

weaknesses, opportunities and threats; this analysis highlights the possible
cause of issues with recruitment and how to minimise any reoccurrence. It also
identified the current internal strengths and weaknesses of the project, as well
as the opportunities and threats related to external aspects of the situation
analysed. The inherent characteristics of the commercial and retail building
sub-sector in regional centres are shown within a SWOT matrix in Figure 3-15,
which illustrates the main points identified during the analysis.
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Figure 3-15

SWOT matrix of the recruitment in West Crown Street.

The weak points identified were reviewed, after which new ideas were
introduced and adjustments made. This resulted in an improved recruitment
protocol, including:
-

A research assistant should be engaged to look after the recruitment
process.

-

The first recruitment visit should try to set an appointment for an audit
as soon as possible, preferably the same day, rather than give the
occupants time to get back to the recruiter.

-

The time spent inside the premises during the audits should be
minimised to encourage participants to adhere to the study.

-

An approach via Wollongong City Council should be attempted to give
more credibility to the recruitment efforts and reach the owners of
vacant buildings. Due to privacy issues, a letter was drafted by the
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author and sent to building owners via the city council on behalf of the
author.
Vacant buildings without any advertising signage should be assessed via a
desktop survey whenever possible. This assessment resulted in the total floor
area and breakdown area via desktop photo analysis.
Buildings that despite being closed were apparently occupied, with services
being advertised in shop front signage but with no occupant found in the place
to be recruited, should be contacted by telephone (number taken from façade
advertisement or signage).
Selection should be made of a new study area to carry out data collection
which is more representative of the building stock found on the commercial
core of regional centres.
These improvements were incorporated into the recruitment protocol and
implemented in a new study area, as described in Chapter Four.

3.14 Summary of the Chapter
The proposed mixed method research design aims to take a deeper analysis
of the SCRB sector and distinguish this sector from what has typically been
considered

commercial

buildings

within

existing

rating

schemes.

Understanding the differences is vital before proposing new approaches and
strategies to uptake building upgrades to improve building performance in this
sector.
The methodology presented in this chapter was specifically tailored to the
context of the regional commercial buildings studied; they are considered to
be a good representation of Australian regional centres and towns. Each
phase contains several methods and techniques, which were justified
according to the research needs and expected outcomes.
During the exploratory phase, a tailored method was developed to collect and
analyse data from the buildings in the SCRB sector and to produce a detailed
characterisation of this sector. This method allowed relevant data to be
collected so that the differences that justify a different approach to
performance evaluation in this sector could be established and highlighted.
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The data analysis phase explored benchmarking techniques to establish new
benchmarks and baselines for evaluating building performance in this sector.
All the outcomes are complementary, equally important, and relevant to
achieving the aims of this research. The different methods and techniques
used were presented in enough detail to enable the procedures to be
replicated in other areas by following the steps listed in this chapter,
complemented by the operational information contained in the appendices of
this thesis. The design methodology is also flexible enough to receive other
contributory techniques to further develop this three-phase design if needed.
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4 Identification of the characteristics of the SCRB
sector: results and findings
4.1

Introduction

The purpose of this chapter is to present data gathered from the sources
described in Chapter Three to provide empirical evidence for the
characteristics of the study area. The chapter starts by explaining the reasons
for choosing Port Kembla, NSW as the main study area, which is intended to
represent a sample of the Small Commercial and Retail Buildings (SCRB)
sector in regional centres in Australia. The criteria used in the selection of this
area are presented and justified.
Figure 4-1 represents the research design and flow, where data analysis is
represented by the dashed red line. Data analysis was carried out concurrently
with data collection (Holt and Goulding 2014) to inform and evidence the
research needs and next steps.

Figure 4-1 Diagram of the research flow (as in Figure 3-2).

This chapter begins by justifying the need for a new study area and explaining
how it was selected. Findings from the interviews are presented to help
understand and contextualise the findings presented from this chapter
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onwards. It starts with the findings from the interviews because the statements
from the interviewees permeate the findings from other methods as empirical
evidence. The results and findings from fieldwork and desktop data are
presented from a macro to microscale analysis of the data gathered. After a
closer look at the environmental performance of the buildings in this study, the
analysis goes back to the macro scale to highlight the characteristics of the
buildings, businesses and stakeholders that compose the dynamics of the
retrofits in the SCRB sector in the main study area.

4.2

Selection of the main study area

The pilot study revealed some points in the data collection procedures that
needed to be adjusted. The experience in the pilot study area also showed a
very low recruitment rate. Therefore, after the review and improvement of the
recruitment and data collection procedures, establishing a new study area
proved to be more beneficial to the study than starting new recruitment in the
same area. To select a new area, commercial building stocks in regional
centres such as Newcastle, Goulburn, Kiama and Port Kembla were
shortlisted. Table 4-1 presents information about the aspects considered for
selection.

Table 4-1 Data considered during the selection of a new study area
Regional
Centre

Stats
Area

Wollongong
Newcastle
Goulburn
Kiama
Port Kembla

SA2*
SA2
UCL**
UCL
SA2*

Area
(km2)

Population

5.5
4
55.5
12.9
7

13,967
10,764
22,419
13,453
9,749

Density
(hab./km2)

0.00039
0.00037
0.00247
0.00096
0.00072

Distance
from
Wollongong
(km)
0
236
137
34.4
9.2

Notes:
*Statistical Area Level 2, in urban areas largely conform whole suburbs and
combination of whole suburbs.
**Urban Centre/Locality is generally defined as a population cluster of 1,000 or more
people (Australian Bureau of Statistics 2011a).

Source: Australian Bureau of Statistics 2016b; Google 2018c.
The commercial core of Port Kembla was considered to be ideal because the
size, geometry, materials and type of occupancy in the buildings are
representative of typical Australian regional centres and towns; this makes
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Wentworth Street an ideal area in which to carry out the main body of research.
Moreover, the information provided by the real estate agent interviewed in the
exploratory phase of the research indicated that the high costs of rental in
commercial centres such as Wollongong and Warrawong have resulted in a
slight reactivation of the occupancy of premises in Wentworth Street (Gus,
Real Estate Agent 2015). Other factors that positively influenced the choice of
Port Kembla include the synergy of investments from the Port Kembla
Community Investment Fund (PKCIF) (New South Wales Government 2019),
created with resources from the privatisation of port activities in 2013, and the
proximity of the area, which made it convenient to carry out fieldwork. Figure
4-2 shows the highlighted study area with storage and industrial activity area
to the NE. There is mixed commercial and residential use on the NW, and
mostly residential use on SW to SE of the area. The precinct consists of six
adjacent blocks, highlighted in the figure, with little variation in size, but with a
range of building ages and commercial end-uses.

Figure 4-2 Aerial views of the main study area (highlighted) at Port Kembla,
NSW.

Source: adapted from Google 2018c.

4.3

The profiles of the key stakeholders in Port Kembla

The key stakeholders were characterised using data from interviews, a
questionnaire survey, and interaction with participants during the fieldwork.
The findings from the interviews are presented at the beginning of this chapter
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to facilitate the reading, with additional quotes from the interviewees being
presented across the following sections and chapters.
Interviews were carried out between June 2015 and October 2017, along with
a desktop survey and onsite observations in both the pilot and the main study
areas. The aim was to establish contact and to discuss aspects related to the
SCRB sector in regional centres and the dynamics of upgrading.
Interviewees were sought from among local stakeholders, targeting
professional experience and knowledge of regional centres to understand their
points of view about the upgrade dynamics. Fourteen interviewees were
recruited and pseudonyms were used to preserve their privacy in accordance
with the approved ethics protocol – see Appendix B; the pseudonyms and a
brief profile of the interviewees are presented in Table 4-2 Pseudonyms and
profiles of the interviewees.

Table 4-2 Pseudonyms and profiles of the interviewees.
Pseudonym

Stakeholder group

Pseudonym

Stakeholder group

Ann

Business owner, Tenant

Mel

Former surveyor,
Academic

Bob

Builder

Pam

Fire brigade

Dan

Fire brigade

Ray

Planner, Policy
maker

Gus

Real estate agent

Sam

Facility manager,
Academic

Joe

Real estate agent

Tom

Business owner,
Tenant

Kat

Building owner

Vin

Business owner,
Tenant

Lou

Architect

Zac

NSW planner,
Consultant

Source: the author.
A funding agent is an important stakeholder, but it was not possible to recruit
one to be interviewed. Most interviews were carried out during the exploratory
research phase, and two in-depth interviews were carried out later during
fieldwork to explore specific research topics. The information provided by
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these interviewees are used to support the identification of the characteristics
of the stakeholders in the precinct and the findings in this research; they were
also used to gather information about the buildings and the study area, and to
establish internal and external validity using triangulation.
An experienced co-researcher was present at the first three interviews to
provide guidance and academic assistance. The audio-recorded interviews
resulted in approximately 10 hours of recordings that were then transcribed by
the author. The data extracted from these interviews were used to inform the
design of the research and the overall context of the SCRB in the region. These
data also revealed relevant aspects of upgrading SCRB in regional centres.
Table 4-3 lists these statements per aggregated group of stakeholders rather
than by interviewee, with the purpose of maintaining the privacy of the
interviewees.
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Table 4-3 Notable statements of the SCRB stakeholders
Stakeholder

Statements
‘Building was more derelict than expected’

Tenants,
Business owners

‘Building transformation has added value in the uniqueness of the building’
‘They (the buildings) have been just rented this year for the first time in twelve years.’

Landlord

‘We have renovated our house a few times it was just us being owner builders (…) There is a lot of information out there. We’ve got the internet and you can really
find a lot of things now, but we had equipment, tools, we kind of lucky in that way.’
‘I think this town has natural gas, but it doesn’t go to any building unless you pay for it and its quite a lot of money.’
‘In terms of retrofitting there is not enough incentive in the rental market for a commercial landlord to want to retrofit his building every x-years.’
‘In Sydney you can do because you got higher rental rates, but in places like Wollongong we suffer from small town attitude.’

Real estate agent

‘It’s all price sensitive. He will look first at addressing the rental figure first, before he will go and spend a lot of money with refurbishment’
‘Generally, when you retrofit the building you find a tenant straight away’

AEC
professionals
Surveyor,
Academic

‘Clients have difficulties in briefing the project’
‘They want to change things after the construction is done, and do not understand that this increases the costs.’
‘People are not buying on foot; they are probably driving somewhere where they can go into an air-conditioned environment’
‘Generally, lease terms have been getting shorter.’

‘Companies do tend to turn over more quickly.’

‘Funding upgrades in the commercial sector is difficult because of the risks.’
Public
administration

‘It is easier to get finance for the residential sector’.
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The impressions given by interviewees allow for the contextualisation of data
collected during the data analysis to produce meaningful explanations in the next
chapters of the dynamics of building occupancy and retrofitting in this precinct.

4.3.1 The Tenant
A typical tenant in Wentworth Street owns a small, often family business, although
there are branches of larger companies. Smaller businesses often ‘do not have
time or resources to invest in technology’ (Zac, Public Planner and Consultant
2017), but they do care about energy consumption; for example, changing from
bulbs to LED lights was the most common energy savings measure identified.
Eventually,

tenants

indicated

their

concerns

about

the

environmental

performance of the building and the environmental responsibilities such as waste
generation involved in operating a business. In this precinct, three participants
demonstrated environmental awareness about topics such as waste production,
energy efficiency and circular economy.
One of them had tried to implement a sustainability retrofit in a previously rented
premises in another active commercial core in northern Wollongong, and
commented during the in-depth interview:
(…) we went nine months through council DA approval. We weren’t going to
be able to live there. It was approved but there was a couple of things that
could not be reconciled between conditions of approval and what the owners
would allow in the property. (Ann, Tenant, Business Owner, 2017)

From this statement, it is possible to identify the interviewee’s efforts to pursue a
retrofit to her previous commercial premises. She expressed her frustration with
the requirements of the council, as her understanding of what a sustainable
building is differs from the council. During this in-depth interview, it was not clear
if this was the reason for moving the business to other premises, however this
would be a natural response.
Tenants rarely invest in improvements that go beyond the fit-out to make the
building adequate to the needs of the business. These fit-out improvements
mostly include some display facilities and specific fittings and lighting.
Improvements that are more resource intensive, such as those involving changes
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to elements or components of the premises, are made after a period of vacancy.
These improvements can be made by the new tenant under an agreement with
the building owner that might waive a period of the rental fees. This waive period
can vary with the amount of investment. This way the tenant does not have to
struggle with the rental and the landlord does not have to invest in upfront
improvements.
While there are tenants who have been in the same premises for many years,
the common practice is to search for a better rental offer in the precinct or in other
areas.

4.3.2 The Owner Occupant
The owner-occupant is in the best situation with regard to upgrades because they
can benefit directly from investing in upgrading. The ‘split-incentive’, explained in
Chapter Two, does not exist in this situation. During the interview with
stakeholders, Gus and Joe (Real Estate Agents, 2015) recognised that owner
occupants tend to upgrade a building more frequently. However, if these
upgrades occur, they do not necessarily target an optimal environmental or
energy performance. This information is aligned with data from fieldwork. A
participant in the audits recently upgraded a whole one-storey building aiming to
produce a comfortable building. Although air conditioning and lighting systems
were fully retrofitted, insulation was not installed to the new roofing system. As a
result, the building envelope, which largely influences the overall energy
performance of a building, was not contributing to optimise the performance of
the building. Whilst these retrofitting actions were intended to target building
performance, they would have achieved better results if they had been integrated.
It is also evident that owner-occupiers are more concerned about public
investments than tenants. This is evidenced by the complaints about the taxes
that came from Port Kembla and Cringila, an adjacent suburb, being invested in
northern neighbourhoods such as Bulli. Tenants tend to focus more on their
relationship with the landlord.
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Almost one third of the audited buildings and premises, which means 11 out of
35, are owner occupied; of these, at least two are owned by a charity or not-forprofit organisation. The presence of charity organisations in this precinct is
symptomatic of an area with lower rental values, as explained by Livingstone
(2011) in her study of retail charity stores in Edinburgh, UK. A combination of real
estate relations, labour processes, the economy and the state determine the
geographic location of charity retail. For instance, higher rental and rate levels in
town retailing centres make it unfeasible for charity retailers to remain profitable,
which results in the move to more financially viable sites. This movement to out
of town retailing centres and the inability of smaller local stores to compete with
larger firms has led to an increase in vacancy rates, followed by the increased
development in charity retailers. As a result, certain areas where rental levels
were more achievable receive an influx of charity retailers (Livingstone 2011, p
159).

4.3.3 The Landlord
A typical landlord in Wentworth Street is a lay person who may own the building
independently or together with other owners. During the interviews there were
statements about owners of multiple properties in the precinct who might have
building rentals as their main source of income. An analysis of the
practice/behaviour of landlords in the precinct revealed two specific attitudes.
Kat (Building Owner, Designer, 2017) mentioned a six-month lease waive to
alleviate the initial expenses the tenant has had with equipment and building fitout to start a business in her store. This is also supported by other anecdotal
evidence gathered during onsite observations where one major owner was
involved with upgrades by waiving six months rental in a whole building upgrade
that was still ongoing by the time the data collection was concluded.
Interviews also registered another story; a long-term tenant commented that the
landlord has been postponing the replacement of a defective awning for a couple
of years and still did not have it replaced. This might indicate that landlords are
not willing to invest in upgrades, even when the building needs repairs. A real
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estate agent suggested that landlords usually do not anticipate or plan an
upgrade and will only invest a minimum in a building to keep it occupied, and they
only fix systems or elements if they are not working (Joe, Real Estate Agent
2015).
The landlord might want to retain a tenant and might engage in an upgrade to
adapt the building to the needs of this tenant but will still keep upgrade works to
a minimum (Mel, Academic, Former Surveyor, 2015).

4.3.4 The Real Estate Agents
Real estate agencies commonly operate with premises that are located in the
neighbourhood or adjacent to areas where they are commercially established.
Thus, real estate agencies in the pilot study area and the main study area were
contacted in person during recruitment, but they were unable or unwilling to
participate in this study. To overcome this situation, real estate agents in Sydney
were contacted, and they helped to recruit two real estate agents in Wollongong
in the studied areas. These agents, Gus and Joe (2015), recognised the struggle
to convince landlords that a building needs an upgrade because typically,
landlords only put money into something that needs to be fixed, or if the building
is vacant for a long time.
In Tom’s opinion (Business Owner, Tenant, 2017), real estate agents are not
needed because they only ‘make things more expensive, renting directly from the
landlord is the best option’. He doesn’t see any value in the involvement of a real
estate agent because he used to have a better rental agreement directly with the
building owner.
Two thirds of Australian rental properties are managed by real estate agents
(Wrigley and Crawford 2017). The role of the real estate agent is to provide
guidance to building owners who want to put their building on the rental market
and to mediate the commercial relationship with tenants. If, on the one hand,
building owners do not want to invest upfront in offering better performing
buildings, the consequences will reflect on their gains (Huston 2018).
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4.3.5 The AEC Professionals
It is not common to contact AEC professionals in the SCRB sector to assist before
or during upgrading work because any upgrades and fit-outs are usually carried
out by builders or trades people, or on a do-it-yourself basis at various levels. In
one interview, Kat (Designer and Building Owner, 2017) explained how she
upgraded her property over a 7-year period with help from family workmanship
and self-funding. Another building in the RE business class was recently
purchased, and was totally upgraded by the owner without an engineer or
architect, only a tradesman.
There were exceptions, with some buildings being very well maintained both
inside and outside. Only one occupant confirmed receiving support from AEC
professionals during the upgrade process, and while it was not mentioned, it
might be a council requirement, depending on the extent of the upgrade.
It is common to find people who allegedly did not hire an AEC professional due
to the high cost. The architect interviewed reported that clients have limitations
when briefing about the project because they sometimes ask for one thing when
they really need another (Lou, Architect 2015). It is common for clients to request
changes during construction, particularly after a project has been approved, and
they often don’t realise that this results in added costs (Bob, Builder, 2015).
Is important to note that while AEC professionals have a wide range of abilities,
they don’t all have the same level of knowledge about building functionalities, or
performance or even retrofits. The building industry is very complex and abridges
a broad range of professional specialities. This aspect is not always recognised
by the lay person, who might think an engineer, or an architect should have
competency in all building functionalities. Kat (Designer and Building Owner,
2017) mentioned how AEC professionals would suggest a plan of action so that
improvements could be carried out according to the budget. Despite this, she
decided not to have their assistance.
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4.3.6 Public Administration (WCC)
During the interview with Ray, a policy maker at WCC (Wollongong City Council),
he said that the council aims to keep the human scale in the city but they did
incentivise a prosperous built environment with accelerated development (Ray,
Planner, Policy Maker, 2015). The council has been promoting the revitalisation
of specific areas, with a certain level of community engagement to participate in
the decision process. Examples of this initiative include the 7 Day Makeover
developed and implemented in an area adjacent to the main study area in Port
Kembla. This project aimed at engaging local people to decide, plan and
implement a public space upgrade with very low resources. Another example of
community engagement is the project Wollongong Public Spaces Public Life
carried out by Gehl Architects (Gehl 2010) in the Wollongong CBD to improve the
liveability in the city. In this project the architect, from this Danish planning office,
assessed a few areas and local people to make a diagnosis of the areas and
suggested improvements to implement liveability in the CBD and in the suburbs
such as Corrimal.
Since there are not enough people to carry out sustainable improvements, the
scenario is still far from achieving significant results. During their interview, Dan
and Pam (Fire Brigade Officers, 2015) commented on how people misunderstand
fire safety elements such as the enclosure of stairs. They do not know how to use
the functionalities of these buildings and might well put the people inside the
building at risk.
The interviews also revealed that the council does not track the performance of
existing building stock. The council only accounts for the environmental footprint
of the publicly owned buildings listed in the council’s own portfolio.

4.3.7 Identifying the priorities of the stakeholders
This overview contextualises the many stakeholders and their perspectives
towards the commercial building sector, sustainability upgrades and the SCRB
subsector. Table 4-4 characterises the groups of stakeholders, the type of relation
they have with the buildings, and their interests.
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Table 4-4 Priorities of the stakeholders in the SCRB sector
Stakeholders

Priorities

Tenant
(business owner)

A close but time-limited relationship to the building.
Might invest in fit-outs to improve business appeal.
Previous experience might give them a perspective on the
potentialities of the building towards business needs.
Seeks to minimise operational costs.
Seeks to maximise visibility for the business.

Owner occupant
(building and
business owner)

Close, medium to long-term relationship to the building.
Might be a small investor, if owns more than one building.
Seeks maximum commercial value for the building.
Seeks maximum commercial value for investment in upgrades.

Building owner
(small investor)

Close long-term relationship to the buildings.
Has often inherited the building, no intention to occupy and no
technical knowledge about maintaining the asset.
Seeks maximum commercial value for the building.
Seeks maximum commercial value for investment in upgrades.

Real estate agent
(mediator)

Relatively short relationship to buildings, despite being acquainted
with specific neighbourhoods. Manages sets of buildings.
Not an investor, but a mediator that benefits from the building.

Architects,
Engineers and
Builders (AEC
professionals)

Short-term relationship to the building.
Not necessarily acquainted with the place or building.
Commonly experienced in other buildings and contexts.
Need to be informed about occupants/ business needs to provide
adequate solutions. Clients have difficulties in briefing because of
limited understanding of buildings functionalities.

Policy makers,
Planners

Do not have a relationship with the buildings, as they have a
contextual perspective.
Solutions are commonly ‘on-size-fits-all’, which is a barrier to the
development of more flexible public policies.

Clients and
customers

Attracted by (free) parking, and amenities such as a variety of food
stores and enclosed air conditioned areas.

Source: Data from interviews and questionnaires compiled by the author.

4.4

Characteristics identified in the study area

At the precinct level, five business classes were identified and they determined
the presentation of the dataset. These business classes are Retail (RE), Offices
(OF), Health and Beauty (HB), Food (FO) and Services (SE). The classes allow
a better representation of the data collected in each, which enhances
transparency in the dataset, and shows the particularities and trends identified in
each class. The qualitative and quantitative data from buildings are analysed in
three aspects: envelope, installed systems and occupant satisfaction.
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The precinct is characterised by a macroscale analysis which considers data
relating to the social, environmental and economic aspects of the precinct, and
contextualises the place and time the data was collected. This was informed by
a documentary appraisal, desktop survey, and fieldwork that was complemented
and verified by onsite observations, interviews with stakeholders, and
examination of the development approvals (DAs). The urban context provides
interfaces that might be related to the performance of individual buildings.
The microscale analysis refers mostly to the qualitative and quantitative data
collected in the audits. The participation of the building occupants in this precinct,
at different levels of collaboration, was an important part of the findings in this
study. Long-term occupants, short-term occupants, and even those who did not
engage the study were able to give pieces of information that, put together,
allowed not only the identification of actual buildings and systems, but also the
construction of the character of the precinct. The data analysed and integrated at
the building level was reflected back to the precinct level to support the
characterisation of the precinct as a whole. Figure 4-3 demonstrates the scales
of analysis and a timeline flow between the methods adopted and the data
expected to be achieved in each scale.

150

Figure 4-3 The scales of analysis against the research timeline

Source: Author.

4.4.1 The precinct in the urban context
Regional centres typically concentrate the oldest buildings in the core commercial
area. Eventually older buildings are demolished, and a new building arises. The
result is a commercial core area where there is a range of building ages.
Port Kembla is a suburb of the City of Wollongong and is best known for its port
and industrial activities (SGS Economics and Planning 2014). However, it does
have natural attractions such as the beaches and Hill 60, where scuba diving and
paragliding are practiced by locals and visitors. In a conversation that took place
during recruitment, an older building owner stated that the precinct was an active
commercial centre until the 1960s, when it began to decline. Banks, hotels, and
clubs were the primary end-uses of buildings, according to the DAs in Wentworth
Street, as evidenced by the wealth in the precinct, but the development of new
commercial centres such as Warrawong has had a devastating effect on the
number of visitors to the precinct.
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4.4.1.1 The climate at Port Kembla
The main study area and all buildings studied are in Climate Zone 5, according
to the Australian Climate Zone map (Bureau of Meteorology 2015). In the
Koppen-Geiger climate classification (Docherty and Szokolay 1999), Port Kembla
has a ‘cfa’ class, which means warm temperate, no dry season and a hot summer
(Bureau of Meteorology 2015). The average temperatures are highest in
February, at around 22°C, and lowest in July, at around 12°C. The least amount
of rainfall occurs in July, when the average is 59mm, and the greatest amount
occurs in March, with an average of 189 mm (ClimateData 2018). These climate
characteristics are a determinant of the strategies used to comply with the
minimum performance requirements of the NCC, and to design strategies for
sustainable upgrades.

Table 4-5 Temperature (minimum, maximum and average) and precipitation
rainfall to Port Kembla.
Temperature
(°C)
Average
Minimum
Maximum
Precipitation
(mm)

Jan

Feb

Mar

Apr

May Jun

Jul

Aug Sep

Oct

Nov Dec

21.7
17.7
25.8
142

22
18.1
25.9
157

20.8
16.6
25
189

18.3
13.7
22.9
142

15.5
10.9
20.1
110

12
7.3
18.8
59

13
8
18
61

17.2
12.3
22.1
110

18.7
14.3
23.2
110

13.2
8.8
17.5
140

14.8
9.6
20.1
61

20.9
16.5
25.4
100

Source: ClimateData 2018.

4.4.1.2

Building regulations that affect SCRB

This precinct is in a Zone 2B under the rules of the Wollongong Local
Environmental Plan 2009 (Wollongong City Council 2009b). The objectives of
Zone 2B include:
‘To provide a range of retail, business, entertainment and community uses that
serve the needs of people who live in, work in and visit the local area.
To encourage employment opportunities in accessible locations.
To maximise public transport patronage and encourage walking and cycling.
To allow for residential accommodation and other uses while maintaining active
retail, business or other non-residential uses at the street level’.
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Therefore, the maintenance of a range of active business uses at street level is
encouraged and supported. The plan also determines that ‘identification signs for
businesses are permitted without consent’ (Wollongong City Council 2009b).
The NCC classifies the buildings in this research as Class 5 for Offices and Class
6 for Shops (Commonwealth of Australia and the States and Territories of
Australia 2017). The performance requirements that affect existing buildings in
Class 5 – Shops and Class 6 – Offices are safety and accessibility. The energy
performance of commercial buildings was first codified in the Building Code of
Australia in 2006. Glazing calculations were incorporated from 2012 onwards,
and since then no further changes to Section J have been incorporated. The NCC
2019 came in force on the 1st of May 2019 (Australian Building Codes Board
2019b, 2019c, 2019d, 2019e).
Existing buildings must comply with NCC Volume One in the case of extension,
change of end-use or proposed new works. In such cases, NCC Volume One is
applicable to the parts affected. In some state jurisdictions, a building being
substantially upgraded after a long period must comply as a whole building, as if
it were a new one (Australian Building Codes Board 2016, 2019c). The
application of the NCC to existing buildings in certain States and Territories
means that the Appropriate Authority may grant a dispensation from the need to
comply with NCC Volume One or part of it, but this need depends on the nature
of the changes to the existing building and the powers of dispensation given to
the Appropriate Authority by the applicable State or Territory building legislation
(Australian Building Codes Board, 2010, 2019c).

4.4.1.3 Incentives to improve building performance
It is one of the attributes of public administration to incentivise improvement in the
quality of the built environment. Some projects that are taking place in the Port
Kembla precinct and that refer to the SCRB are listed and briefly explained.
The Port Kembla Community Investment Fund (PKCIF) (New South Wales
Government 2019) was created to receive the funds from the privatisation of Port
Kembla in 2012 and to guarantee that these resources would revert to community
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benefits (Wollongong City Council 2018b). During the timeline of this research,
resources from the PKCIF were in the process of allocation by the NSW
Department of Industry, through the public selection of projects. The
implementation

of

these

projects

can

be

followed

in

the

website

http://pk2505.com.au/ (Wollongong City Council 2018b). The proposed projects
related to or affecting the SCRB includes:
The Sustainable Port Kembla Upgrade Program – Stage 1 Project proposed by
the Illawarra Housing Trust in association with the University of Wollongong
(UOW)/Sustainable Buildings Research Centre (SBRC), the NSW Office of
Environment and Heritage (OEH), and traditional private practice of Architects
Edmiston Jones (AEJ). This project collects bottom-up data from commercial
buildings to implement a small number of sustainable upgrades that target EE.
The aim is that the retrofitted commercial buildings can showcase the benefits of
the technologies implemented as a way to incentivise building owners to retrofit
their buildings.
The Port Kembla 2505 Revitalisation Plan Project was proposed by the WCC
(Wollongong City Council 2018a). It consists of a strategic framework and
implementation strategies aimed at revitalising the suburb and town centre at Port
Kembla.
The Port Kembla Town Centre Façade Program – Precinct Activation Project
(Studio GL Pty Ltd 2017), proposed by the WCC, is a funding program that aims
to incentivise the upgrade of the façades in Wentworth Street by offering
landlords matching funding of up to A$20,000 to improve façades in commercial
buildings according to a set of predefined recommendations. Building owners
apply by presenting the upgrade project that includes a previous recommendation
from the Council to all buildings in the precinct. These recommendations include
the removal of elements such as air-conditioner equipment, signage and roller
shutters, and the restoration of the original aesthetics of the façades. Figure 4-4
is an artistic composition from the WCC website demonstrating the expected
streetscape after façade interventions.

154

Figure 4-4 Artistic illustration showing expected streetscape after interventions.

Source: Wollongong City Council 2018b.
Likewise, the Crown Street and Inner City Building Façade Rejuvenation Program
was first implemented in 2012-2013 (Wollongong City Council 2012a, 2012b) and
then in 2014 (Wollongong City Council 2014a), to stores in Crown Street.

Figure 4-5 Before and after façade grants for buildings in Crown Street.

Source: Google 2018a.
By comparing the before and after images from the example in Crown Street, it
is possible to verify the changes, which also apply to some other buildings.
However the focus was on the physical condition and aesthetics of façade
elements, which might potentially improve the streetscape activation and
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character. Neither environmental performance nor EE was within the scope of
this project.
Beyond the incentives targeted to buildings, education was identified as an
opportunity to give ecological decisions and actions a higher priority (National
Green Infrastructure Network and NSW Environmental Trust 2016). Therefore,
educating the occupants on building functionalities can pave the way to more
efficient habits in building and installed systems use.

4.4.2 Precinct scale
The commercial core of regional centres typically concentrates older buildings,
which eventually are demolished to give place to a new building. The result is a
commercial core area where there is a range of building ages.
The precinct studied consists of six blocks of buildings along Wentworth Street,
as shown in Figure 4-2. This commercial street consists mainly of two-storey
buildings, most of which were built between the 1920s and the 1960s. There are
a few newer and exclusively residential buildings scattered along the street. Many
buildings have mixed uses with residential shop-top housing buildings with a shop
at street level and a residential component above, which were not originally within
the scope of this research. However since there are so many, they are now
included, with the commercial part only being audited. It was considered that
mixed uses are an important characteristic of commercial cores in regional
centres. An analysis of the DAs from 1950 to circa 2015 revealed that the
changes in the end-use were most intense in the 1970s when the registered uses
included entertainment, second-hand furniture, and car repair workshops and
garages. Figure 4-6 shows the development intensity in Wentworth Street from
the 1950s to 2010s, according to the decade and type of DA.

156

DA intensity in Wentworth Street, Port Kembla, NSW
(1950-2016)
1950-1959

1960-1969

1970-1979

1980-1989

1990-1999

2000-2009

2010-2016
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40
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Type of application dentified in DA
Figure 4-6 Distribution of Development Applications in Wentworth Street per
decade.

Source: Author.
These numbers refer to permission processes for non-residential buildings
submitted to the council, and do not indicate whether works were implemented.
The number of DAs analysed in that period reveal there were more applications
for new constructions in the 1950s and the 1970s, and more applications for
additions and extensions from the 1950s to the 1970s. The 1970s were
characterised by the highest number of changes of use, but that began to
decrease in the years following.
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Buildings in Wentworth Street, as in many old commercial cores, are terraced.
This is a strong characteristic in old commercial cores, due to the high cost of
infrastructure per linear metre of frontage, which impacted on the cost of land.
The maximum occupancy of the frontage justified the investment in infrastructure.
The result is that front and rear façades are the external walls receiving most of
the solar radiation and winds, along with the roof. Figure 4-7 shows the slope on
which the lower point sits in the crossing with Fitzwilliam Street, and is the lowest
part of the catchment. The buildings come in a variety of shapes and heights so
there is variation in exposure to solar radiation, which influences the heat loads
of each building.

Figure 4-7 Image of Wentworth Street from the NE to SW showing the slope of
the street.

Source: Wollongong City Council 2017.
Buildings set on the odd numbered side of the street – NE façades - receive direct
solar radiation on the façades for most of the day. This front part of the building
is usually where consumers stay. In contrast the buildings set on the even
numbered side of the street receive the same solar radiation on their rear side,
where staff support areas and storage are commonly allocated.
Adjacent buildings with the same height, as shown in Figure 4-8, are shaded and
more protected from solar radiation than adjacent buildings with different heights,
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which are more exposed to solar radiation, especially on the first floor, as shown
in Figure 4-9

Figure 4-8 Lateral wall protected
from solar radiation by adjacent
buildings.

Figure 4-9 Different heights in adjacent
buildings turn them more exposed to solar
radiation.

Different aesthetics, construction techniques and finishing materials suggest that
adaptation, demolition and reconstruction can be correlated to different building
ages.
On average the lots are 6 metres wide, with most buildings occupying two lots,
resulting in a 12-metre frontage that allows them to have a bigger footprint. The
study area has five empty lots in which the previous constructions could not be
verified in all of them; there was a theatre in one lot, which was demolished after
a fire. This may be an indicator that, despite the available lots, the area is not able
to attract investment for a new building. Moreover, despite the complaints about
the lack of parking areas, none of the empty lots is used for this purpose.
The total number of buildings in this precinct is 77 which means there are
approximately 158 premises. In some lots there are multiple constructions, but
not all the buildings were visited to check the number of premises they contained.
The number of premises stated here results from an analysis of the DAs and
onsite observations.
An examination of DAs showed that building upgrades peaked during the 1970s,
with the most common request to incorporate a top dwelling or a bathroom to the
original construction, and add new technologies such as air conditioning. Since
this period, DAs have decreased and this can be correlated to the number of
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vacant premises in this precinct. Figure 4-10 shows the occupational profile of
this precinct.

Figure 4-10
Schematic illustration of the occupancy status of buildings and
lots during March 2016. Source: Author.

The distribution of uses in the precinct is represented in Figure 4-11.

Figure 4-11
Scheme showing the distribution of end-uses in the precinct.
Source: Author.

The precinct contains 48% commercial only buildings, 30% are mixed use or
shop-top residences, 8% are residential only, 4% are accommodation/
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entertainment

(hotel/brothel),

and

10%

are

other

uses

or

vacant

buildings/premises, or which could not be verified.
The physical characteristics of the small commercial and retail buildings in this
precinct have been placed on a spectrum between the detached residential
buildings and typical commercial buildings. Figure 4-12 shows a residential
building that has been adapted to commercial use, while Figure 4-13 shows a
typical larger scale commercial building for comparison.

Figure 4-12 Recently retrofitted
Taxation Office at the corner of Crown
Street and Kembla Street, Wollongong.

The building in Figure 4-12

Figure 4-13 Former residential
building adapted for commercial
use. Wentworth Street, Port
Kembla.

Recently retrofitted Taxation Office at the corner of

Crown Street and Kembla Street, Wollongong. can easily be compared with a
commercial office building benchmark to assist with upgrades and efficiency
projects. However the commercial building in Figure 4-13, currently in use for HB
business, might struggle to fit a benchmark resulted from the same standards.
Evidence of the lack of appropriate assessment tools to the SCRB and the
similarity of this sector with smaller residential buildings was found in the council
dataset, e.g. a building in Wentworth Street that was rated under BASIX, a
residential assessment scheme.
Building stocks in regional centres are mainly smaller buildings with very
particular characteristics. Table 4-6 illustrates this mix by using the left column
for residential buildings characteristics, the middle column for characteristics of
the SCRB sector, and in the right column for the characteristics of mainstream
larger commercial buildings.
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Table 4-6 Comparison of the characteristics of the sectors: SCRB, detached small residential and mid-tier- and high-rise commercial.
Aspect of building

Semi-detached small
residential buildings

SCRB sector

Mid-tier and high-rise commercial buildings

Scale
Shape/form
Building footprint
Typology

Small
Simple
>50% lot
Semi-detached / terraced

Small
Simple
Varies
High-street small premises

Building height
Ceiling-to-floor height

Up to three storeys
Rarely surpass 3.5 m

Rarely surpass 3.5 m

Construction technology

Typical or local technology.
Sometimes informally built.
Lack of or low understanding

Typical or local technology
Lack of or low understanding

Medium to large
Complex
From 80% to 100% of the lot
Stand-alone, mid- and high-rise office buildings, shopping
malls
Mid-tier and High-rise
Higher than residential due to the ducts and shafts from large
systems
Concrete, steel and other highly standardised construction
technology.
Facility manager control building functionality

Vary with building age, typically local
materials
Multiple functions in an area

More likely to adopt steel, reinforced concrete, polymers and
overuse of glass
Specific areas to each function

Poor maintenance practice
Vary according to business
Mostly limited to the front shop

Scheduled maintenance
Commonly high density
Large use of glass

WWR
Type of occupancy

Vary with building age, typically
local materials
Bedroom,
living
room,
bathroom, kitchen (minimum)
Varying
Typically, low density
Limited use of glazing, varies
with building age
30%
Residential

Small
Small businesses, small companies

50-60%
Corporate culture

Equipment installed

Varies with purchase power

Predominance of outdated devices

Occupancy hours

24/7

Type of lease

Simple

Vary with business class, commonly
daytime.
Simple

Lift, travelator, central air-conditioner, staircase, intensive
use of IT equipment and infrastructure of the whole facility
OF usually Mon-Fri 9am-5pm. RE usually Mon-Sun 9am6pm
Complex leasing contracts including GL

Building type

Management of building /
of systems
Building materials
Breakdown area
Maintenance
Density (people/m2)
Glazing areas
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4.4.2.1 Streetscape and Liveability
The streetscape is mainly characterised by two-storey buildings in a two-way
street that crosses a valley-shape area. The street is wide enough to have parking
spots along both curbs and a two-way driveway. Due to the longitudinal valley
type cross section of this street, as shown in Figure 4-7, in page 154, the footpath
is irregular, which results in poor accessibility, and the access to some stores is
hampered by steps.

Figure 4-14
Image showing the
distance between building façades in
opposite footpaths.

Figure 4-15
entrance.

Steps in a store

Source: Google Street View 2019.
The distance between façades, shown in Figure 4-14, is approximately 20 metres
(Google Street View 2019), which provides good insolation and ventilation for the
buildings. The species and distribution of trees do not appear to have been
planned to provide shade to the buildings (see for example Figure 4-13 in which
a single small palm tree is located on the roadside). The precinct does not have
urban furniture along the street or open spaces where people can stay longer and
enjoy the public spaces, as has been recommended for decades by Alexander et
al. (1977) and Gehl (2010). Together with the uninteresting façades, the
streetscape does not incentivise social encounters in public spaces such as
pathways, although there are two coffee shops with tables and chairs on the
footpath. The absence of setback for these commercial buildings along with the
short frontages requires other strategies to increase liveability (Wollongong City
Council and Gehl Architects 2014; Gehl 2010) and encourage people to stay on
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the street longer. One strategy is to provide high quality shop-windows. However,
the presence of roller-shutters and grilles at the stores (Figure 4-16) and the sign
alerting drivers to keep their cars locked (Figure 4-17) suggest security and safety
issues in this precinct.

Figure 4-16 Entrance of businesses with roller
shutters and grilles.

Figure 4-17 Signal
alerting about security
issues.

Heffernan, Heffernan, and Panc (2014) studied the perceptions that people have
with regards to public space to which a frontage relates and found that the quality
of an active frontage has an impact on the perception of that space. The
vacancies in Wentworth Street result in inactive façades such as the ones in
Figures 4-18 and 4-19, which instill insecurity in people, so they are not
encouraged to stay longer.

Figure 4-18 Advertisement instead of a
façade.

Figure 4-19
Façade without
attractive elements.

Rear car parking and access are commonly exclusive to building owners, or
upper residential rentals. Interviews and the questionnaire survey registered the
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theme ‘parking areas’ four times, even with no open-ended questions about this
theme. This might indicate an issue for the local community because complaints
about the lack of parking areas or the high cost of existing ones first emerged in
the pilot study. These study areas differ in this aspect because in the pilot study
area, Wollongong CBD has limited or no free parking areas, while Port Kembla
has a free time limit on street parking along the length of Wentworth Street
because businesses believe it is an attraction that will entice people to shop there.
Anecdotally, a building owner commented on the sale of a set of empty lots
adjacent to Wentworth Street, in Military Lane, that was used as a parking area
by customers and workers; he noted that this reduction in parking opportunities
would impact on consumers who used to shop in the precinct. As important as
this may seem to the participants in this research, it is understood that the
interviews and the questionnaire survey gave them the chance to speak up, but
this aspect relating to transportation is outside the scope of this research.
The street façade is the most important external wall of a commercial building
because as well as its listed functions, it should attract consumers and activate
street liveability. The façades in this precinct range from totally blind to total
integration with people on the footpath.
o Blind/dull façade – no windows from the inside out: there is no
indication of any activity inside the building
o Connected façade – the façade is an invitation to enter the
building and consume products or services.
The appeal of the façades is another aspect of the liveability of the streets. There
are businesses that make the most of their façade (Figure 4-20) to attract
customers and provide a better experience for the transients.
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Figure 4-20

Examples of façades that activate public space.

Street liveability is strongly influenced by working hours and indicates the periods
when people are more likely to be on the streets. In Wentworth Street this period
varies a lot. Offices and services have more regular working hours, usually from
9 am to 5 pm, whereas food-related businesses that work all weekend long
usually have a day off during the week, alternating between themselves.
Services, Retail and Health and Beauty are the types of businesses that have the
biggest variations; they may have a walk-in policy with no appointment needed
or operate virtually and keep the physical address just as a storage area or show
room. Some shop owners might just leave a message with the mobile number
listed on the shop front for customer enquiries. Figure 4-21 shows some of the
shop front signs from premises in Wentworth Street.

Figure 4-21
businesses.

Shopfronts signs informing working hours in different

An overall schedule for the working hours for the business in this precinct is
summarised in Table 4-7.
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Table 4-7

Identified patterns or typical working hours for each business class.

Business class

0

2

4

6

8

Time
10 12

14

16

18

24

Residences (shop-top housing)
Retail
Offices
Food
Health and Beauty
Services

In Port Kembla, as in a significant number of other cities around the world, there
is a strong stigma and prejudice related to port areas. For example, during
recruitment, one potential participant who lived in Port Kembla and did not want
to engage in the study said the family does not reveal where they live because
they are afraid people would ostracise them. References were also made in the
audits to soliciting and drug use within the Port Kembla precinct. This might
explain the much observed use of roller shutters and safety grilles on stores
(Figure 4-16) (page 160).

Figure 4-22

Impervious back yard.

Figure 4-23
footpath.

Overloaded bin on the

The use of green areas and vegetation in the precinct is not purposeful; the pine
trees, palm trees, and other species that could not be identified by the author do
not provide enough shade to the buildings or the footpath. The residential
buildings have small front yards, whereas commercial buildings have backyards
but very seldom have them cultivated, which sometimes results in impervious
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backyards, as shown in Figure 4-22. Thus, the use of trees and greenery is not
for sun protection or aesthetic reasons.
Another aspect noticed during visits to the precinct was full waste bins, as shown
in Figure 4-23. These bins are frequently overloaded, as later concluded during
the audits that in commercial leases landlords do not generally provide waste
collection.

4.4.2.2 Classification of businesses in the precinct
Onsite observations identified the classes of business. The sample was then
stratified (Farrou, Kolokotroni, and Santamouris 2012) to accommodate those
businesses that operate from Wentworth Street such as Retail (RE), Offices (OF),
Health and Beauty (HB), Food related (FO), and Services (SE). Each class of
business has specific demands for area and facilities such as energy and water,
and are likely to produce the same type of waste. From a total of 35 audited
premises, eight are RE, six are OF, eight are HB, seven are FO, and six are SE.
The patterns identified for each class of business in the study area are listed and
explained.

Figure 4-24

Current end-uses on the ground floor the precinct.

Source: Author
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This diagram schematically represents the end-uses on the ground floor
according to the business classification proposed to this precinct. Grey rectangles
refer to buildings where all premises were vacant. Rectangles with one or more
codes might have one or more vacant premises in the same building.
Business were classified according to the use of resources, the space needs, and
the way employees and customers use the buildings. These five business classes
represent the commercial activities commonly found in the SCRB in this precinct.
However, in other regional centers this classification might vary.
4.4.2.2.1

Retail (RE)

This type of business is characterised by the sale of goods without any added
value in the premises. Most premises are occupied by storage or exhibit areas
for products (sales-room), with a minor part for staff support such as a bathrooms
and kitchens. The major operational costs of the building associated with this type
of business are typically related to lighting and cooling.
The customer profile varies a lot depending on the type of product, the day of the
week and the season of the year. It is estimated that consumers spent from 5 to
20 minutes in retail shops in the precinct, which is not long enough to significantly
contribute to the thermal load. In air conditioned spaces the frequency of doors
opening and closing to the exterior might affect the performance of the airconditioning system. In the case of RE class, the internal heat load is significant
due to the intense use of electrical appliances rather than the number of
occupants inside the premises.
Cardboard and paper are the typical forms of waste generated in this type of
business, although one occupant included scrap food from meals. Three
participants stated that they take all the waste generated in the premises home
because waste collection is not offered by the landlord, and two participants
separate the waste for recycling.
This type of business generally has from 1 to 3 staff members, or more, working
in shifts; they usually work from Monday to Friday 9am to 4pm and on Saturdays
from 9am to 2pm.
Advances in technology are changing the way people buy and sell goods. Online
commerce/shopping is becoming more popular every day, and ‘click and collect’
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is already common practice in the retail sector (Colliers International 2014). The
way businesses use buildings is also changing to adapt to new demands (Mel,
Surveyor, Academic, 2017). In this precinct, because of the great variety of
operating hours, it is common to find signs indicating days and times of opening.
Moreover, there are businesses that do not use or depend on the physical space
to operate; they have a website to advertise their products and keep the physical
shop as a storage area, or a meeting point with the customer, if needed. Whereas
this practice may be beneficial to some types of business and customers, it also
has a negative impact on street liveability due to the closed/empty shop which
gives the street a certain sense of an abandoned place (Heffernan, Heffernan,
and Pan 2014); it also results in a reduced number of people on the streets.
4.4.2.2.2

Offices (OF)

This type of business includes services carried out by an independent
professional or group of professionals/employees with certain skills (some sort of
specialised work) without the need for customer presence. It can be small
premises where only one person works or a larger building where a company has
its representative. In this precinct, this activity is carried out in whole buildings or
larger premises. The need for space is different from larger buildings, but the use
of resources is the same and varies in intensity. Most energy consumed in this
type of business is related to lighting and cooling, water consumption is not an
issue once it is not used to aggregate value or generate profit, and waste
production is mostly paper.
Typical working hours are Monday to Friday from 9am to 5pm. The exceptions
are businesses that do not depend on street liveability to achieve success or the
number of people in Wentworth Street. This precinct offers lower prices per
square metre than other commercial cores. Employed staff range from one to
nine, with a smaller number of clients, if any, per day. Space needs for this type
of business include a large meeting room, space where small groups can work at
their desks, a storage room for documents, and a room for computers; eventually
they need a meeting room to receive clients, and a reception or waiting room at
the front of the building. A small kitchen and a bathroom are frequently part of the
minimum needs for offices of this type.
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There are businesses in the study area that are a branch or a representative of
larger companies or institutions. In this research the analysis only considers the
building and its occupants, not the whole institution. The size of an institution
responsible for building use is useful information for defining upgrade strategies.
4.4.2.2.3

Health and Beauty (HB)

This business class includes personal care such as body therapies and beauty
care such as hair or skin care and similar activities. In this type of business, the
customer is on the premises for approximately half to one hour, so service can
be provided. The demand for space varies according to the type of service and
the size of the business, such as an independent hairdresser or a clinic for
therapies. The energy and water consumed in this type of business are to provide
onsite service to customers, where comfort is very important for the business to
succeed. In this kind of business, there is often an equal or higher number of
employees than the number of customers using the premises at the same time.
Thermal comfort is equally important during summer and winter.
4.4.2.2.4

Food related (FO)

This business sub-class consists of coffee shops, restaurants and take-away
outlets, and although some of these businesses are very different, their strongest
commonality is the preparation of food on the premises to be served either onsite
or delivered elsewhere. The area needs for food related businesses varies
considerably; of the buildings recruited, the area occupied by this type of business
ranges from 50 m2 to 350 m2.
A kitchen is often the major area in these premises, although the serving area
can be as small, as in coffee shops or as large, as in restaurants, or even nonexistent, as is the case with take-away businesses.
Food related businesses with a serving area use energy not only on food
preparation but also on consumer comfort, which makes this type of business
highly energy intensive. In Wentworth Street, this type of business commonly has
the provision for gas to lower the costs associated with food preparation. In terms
of occupancy during working hours, these businesses have from 2 up to 8 people
who usually work in shifts, while the number of consumers varies according to
the business class. The number of consumers also varies according to the size
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of the business, the type of food offered - if meals or snacks, the time of day, and
the day of the week.
There are many possible sub-classes in food related businesses so breaking
them down in this study would not bring any further benefits. Despite the
differences in the way space is used, which can result in a different EUI, there
are more commonalities than differences within this category. Some of these
commonalities are the need for storage areas – refrigerated and non-refrigerated
- for perishable and non-perishable goods, kitchens are equipped with industrial
devices, and climatisation. Businesses that prepare food on the premises
consume a large amount of water. Water and energy use are intense in these
buildings and as such is an important part of the expenditure in this type of
business. They are also huge generators of waste, with volumes varying from
80L/day up to 660L/day. The waste in this business class consists of cardboard
and plastic packaging, and organic scraps. Most businesses said they have
public collection once a week, so they store the waste in bins at the rear of the
lot. No previous treatment such as separation, compacting, or composting, was
indicated in the questionnaire, although one occupant does take home the waste
produced during the day to compost or dispose of because the rental contract
does not include waste collection.
This seems to be the case in many other businesses other classes where there
are not bins to dispose of waste. A common practice is to dispose of waste in the
public bins/collectors along the street, as shown in Figure 4-3. The waste
generated in this class of business consists mainly of packaging, disposables,
and food scraps.
4.4.2.2.5

Services (SE)

This business class includes businesses that do not involve a specific product,
and services that cannot be classified in the previous classes. There is a diverse
range of businesses within this class, so it is difficult to establish the time
customers actually spend on the premises. Energy and water to provide services
are difficult to estimate when there is a diverse range of businesses in this class.
The businesses considered in the sample are high intensity in energy and water
usage and produce a moderate amount of waste. Table 4-8 summarises and give
examples of these business classes.
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Table 4-8 Summary of business types with examples
Business Class
Offices
Retail
Food related

Code
OF
RE
FO

Type of business considered in class
Accountants, lawyers, and similar occupations.
Clothes, a bookshop, and a sports shop.
Coffee shop, snack bar, restaurant, and take-away.

Health & Beauty
Services

HB
SE

Physiotherapist, spa, skin care, and hairdresser.
Post Office, laundry, and general repairs.

Source: Author.
Despite the possibility of there being other classes, these five classes of business
represent the commercial activities commonly found in the SCRB in the precinct
according to their use of resources, space needs and the way employees and
customers use the buildings.

4.4.2.3 Types of buildings in the precinct
Most buildings in Wentworth Street occupy two lots and have an average frontage
of 12 m, basically occupancy of two lots. An analysis of the DAs in Wollongong
City Council revealed a peak of new constructions in the 1950s, but there should
still be older buildings. Residential use is common on the top floor(s), while
commercial use can take place either in a whole building or in premises that can
be on the ground floor or upper floors. The breakdown of buildings into premises
and uses might occur in many ways, as shown in Figure 4-25.

Key: B - Business, R - Residence
Figure 4-25

Diagram of the breakdown of buildings in Wentworth Street.

Source: Author.
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Buildings might be occupied by one or more businesses, but a more commonly
found situation was the buildings having split tenancies where different
commercial activities are carried out.
The commercial building types identified in the study area range from a onestorey detached building – a whole building - to four-storey mixed-use buildings
with commercial use in one or more storeys. Commercial use on the upper
storeys often indicates commercial use on the ground floor.
Figure 4-26 shows the end-uses excluded from the study and the reason for this
exclusion. Uses that differ from the sale of products and services on a retail basis
are not in the scope. End-use such as commercial with top-floor residential was
included later because it was identified as a characteristic of SCRB in regional
centres. The figure also indicates the occurrence of empty lots in the precinct.
White (exclusively commercial) and orange (commercial and residential) indicate
those buildings in the scope with potential for recruitment.

Figure 4-26

Diagram with the uses included and excluded from the scope.

Source: Author.
Table 4-9 indicates how the building in the sample is allocated between the five
business classes and building types. The first column refers to business classes,
and the first and second rows refer to building types. The table is populated with
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businesses in the sample. Crossing over results in a cell where the code of the
business is identified, for example, the retail business RE-01 occupies the entire
ground floor of a two-storey building, whereas Services SE-07 occupies an entire
building.

Table 4-9 Distribution and frequency of business types per type of
building/premises
Building
types

Whole one
storey
building

Entire ground
floor of a twostorey building

Part of the ground
floor of a two-storey
building

Whole
two
storey
building

RE-01

RE-02, RE-04, RE-05,
RE-06, RE-07, RE-08

RE-03

OF-02

Second
floor of a
two-storey
building

Business
types

Retail (8)

Office (6)

OF-05
OF-06

OF-01

Health
and
Beauty
(8)

HB-01

HB-02, HB-03, HB-04,
HB-05, HB-06, HB-07,
HB-08

Food (7)

FO-02,
FO-05

FO-04,

Services
(6)

SE-01,
SE-03

SE-02,

Total (35)

3

7

FO-01, FO-03, FO-07

OF-03
OF-04

FO-06

SE-04, SE-05, SE-06

20

3

2

Source: Building audits by the author.
The audited buildings in the sample comprise of: six whole buildings, from which
three are one storey and three are two storeys high; seven premises which
occupy the whole of the ground floor; 20 premises which share the ground floor
with others; and two OF premises located on the first floor.
As well as demonstrating the allocation of business according to building type,
this table also indicates that:
o Retail businesses are more likely to occupy a tenancy on the ground floor;
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o Offices are more likely to occupy whole buildings or upper storeys;
o Health and Beauty frequently occupy tenancies on the ground floor;
o Services and food related businesses have a range of business models
that demand different areas, which makes it difficult to identify a pattern
for them.
According to the occupancy, 25 out of 35 buildings audited are tenant-occupied,
which is 71% of the total, and only 10 buildings (29%) are owner-occupied.

4.5

Main characteristics of the studied buildings

Walkthrough audits were carried out during May and July 2017, after gaining
permission to enter the buildings. The walkthrough audits carried out in the SCRB
enabled identification of the breakdown of area and zoning in a building, location
and the area of openings in the envelope, façade orientation, building materials
and floor areas.
The microscale analysis reports the findings and results from those buildings
occupied by recruited participants. Characterisation at the building scale
identifies patterns in the construction, installed systems, electricity, gas and water
consumption, occupant satisfaction and business practices to establish the
environmental performance of each building. These patterns will reveal the
development of benchmarks and indicators of performance for commercial
buildings in the SCRB sub-sector. The collection of mixed-method data allowed
for a correlation between the quantitative and qualitative aspects of the buildings,
business and occupants, as described in Chapter Three.
Of the 158 premises in this precinct, 44 (30%) were outside the scope of this
research, 25 (17%) were vacant, 20 (13%) did not answer the contact from the
researcher, 23 (16%) responded negatively, and 35 (24%) were recruited. By
considering only the SCRB in this precinct (114), the response rate for this
recruitment is 30.7%, which is enough to represent the precinct. Figure 4-27
summarises the breakdown of participant recruitment in the main study area.
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Recruited (35)
Did not want to
participate (23)
Vacant (25)
Total (158)

Did not answer
(20)

Out of scope
(44)
Figure 4-27

Breakdown of recruitment in the main study area.

Source: Author.

The findings in this section are based on the data collected from these 35
buildings or premises, which consists of data from the physical buildings and the
installed systems. Table 4-10 details the distribution of the business classes
identified in the research sample and intended to be representative of this
precinct.

Table 4-10

Distribution of business class within the precinct.

Business sector
Retail
Office
Health and Beauty
Food
Services
Out-of-scope
Total

Total in precinct
18
9
9
11
9
42
77

Total recruited
8
6
8
7
6
35

Source: Author
The buildings are characterised on the basis of the results and findings from
onsite observations and a desktop survey, followed by walkthrough audits and
questionnaire surveys.
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Figure 4-28

Correlations between people, buildings and business.

Source: Author based on Elkington 1997.

The blue circular line in Figure 4-28 indicates cyclic interaction in terms of the
needs between people, buildings and businesses. The red arrows indicate that
people are the main generator of needs (demand) and that buildings and
businesses should provide a solution for these needs. They are the priority when
planning upgrades. Meanwhile, buildings and businesses have a reciprocal
correlation where some types of buildings seem to fit the demands of specific
types of businesses better.

4.5.1 Physical building
The whole sample, 35 buildings, was stratified into five business classes, in which
a minimum of three buildings was expected. Although the set of data collected
was incomplete, due to participants not providing utility bills or filling in the
questionnaires, the recruitment process had to stop at the point when the
minimum sample number was achieved.
The analysis of the physical characteristics of these building includes the
envelope and its elements such as the roof, external walls and openings. Ideally
these elements are designed according to the climate zone to afford a
comfortable interior space where the heat gains and losses can be calibrated.
This comfort might be compromised by poor design or by a deterioration of
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building components, but either way it results in the use of energy to provide
internal comfort. While existing buildings offer limited opportunities to change the
design, they always deteriorate over time. Figure 4-29 shows the heat losses and
gains in small constructions.

Figure 4-29
construction.

Scheme of typical heat losses and gains from an uninsulated

Source: Mosher, McGee, and Clarke 2013.

Terraced buildings such as those featured in this study are more exposed to solar
radiation through the roof than the façades (both street and rear), which are much
smaller in area than the roof. This is why the roof in this type of building is a
targeted element to improve building performance, especially offices on the first
floor.
A desktop survey of the aerial view of these buildings cannot determine the actual
dimensions or finishing materials of the roofs, but it can show their colours. Figure
4-30 shows that approximately 10 buildings have brown roofs, 18 are dark-grey,
7 are white, one is painted green, and the remainder are medium to light-grey.
This analysis considered all the buildings in the precinct, not just those in the
sample.
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Figure 4-30

Aerial views of the roofs in Wentworth Street.

Source: Google 2018c.
External walls are designed to protect people from the external environment,
especially wind, sun, and rain. In a commercial building they must also protect
the products and valuables stored inside the building. While the structure and
materials of the external walls in the audit varied according to the construction
technique, the similarity of residential buildings explored in Figure 4-30 suggests
that the construction materials in this precinct are similar to those used in
residences of the same period.
In this regard, an unpublished study by Daly et al. (2016) for the NSW OEH on
the typology of houses, estimates the construction materials for each typology
identified. This study is based on the EDGE methodology which integrates the
combined experience of local experts and practitioners with available databases
(International Finance Corporation 2014). The oldest DA register in the council
database refers to the 1950s, but there are registers of buildings in Wentworth
Street that are older than this. Considering their age, these walls might have been
built using more traditional techniques, and according to the study, residential
buildings constructed before 1950 were predominantly detached double-brick,
while lightweight external cladding on timber frames, including asbestos, weather
board and fibre cement were prevalent from 1900 to 2015, but excluding 1970 to
1995 (Daly et al. 2016). These are estimations because older buildings are more
likely to have overlays of construction techniques and materials from different
periods in time. Figures 4-31 to 4-33 show exposed structures observed during
the audits. Figure 4-31 shows a cavity brick wall, Figure 4-32 the structure of a
wood-framed metal roof, and Figure 4-33 the collapsed ceiling and lining of an
external wall. The photos were taken from the interior.
The audit tool has a comprehensive yet simple approach to a building audit, but
not all the information collected was included in this analysis. Data from this study
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compose a new dataset for SCRB that contains reliable information on buildings
in this sub-sector.

Figure 4-31
External walls.

Figure 4-32
Exposed roof
structure.

Figure 4-33

Wood frame.

The openings - doors and windows – on the external walls can activate street
liveability and provide natural ventilation and lighting, especially in the case of the
front façade. However, in most instances they are not enough to provide natural
lighting for the entire buildings because the floor plans are typically deep.
Regarding ventilation, there is a lack of understanding that results in the misuse
of windows and doors. Occupants are not aware of the benefits of having a
window or door opened, when cross ventilation is needed; and when to have
them closed, in the case of an air conditioned room, for instance. Another
recurrent practice in the audited buildings is the total elimination of the opening
function of the windows. When asked, one tenant said it was for security reasons,
and the others said they did not know because the window was that way before
they started to use the premises.
Occupant awareness/concern about safety in a business can result in eliminating
the openings in order to reduce the vulnerability of the building or premises to
invasion. The audits revealed many situations where an external window, usually
at the rear, was completely blocked with wood or bricks so that it could not be
opened. While this attitude might give the occupants a sense of safety, it also
eliminates the possibility of sound natural ventilation and lighting.
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Figure 4-34
Totally blind
façade.

Figure 4-35 Façade
with artistic painting.

Figure 4-36
store.

Façade in a vacant

With regards to the street façades, there are buildings that do not communicate
with the street, such as that shown in Figure 4-34. Vacant buildings commonly
have advertising, such as those shown in Figures 4-35 and 4-36. Some buildings
have artistic paintings on the façade (Figure 4-35), some retail outlets have
recessed shopfronts (Figure 4-38), and others have roller shutters.

Figure 4-37 Totally glazed
façade in a metal frame.

Figure 4-38

Recessed entrance in façade.

The construction of the ground floor is an important element concerning heat
transfer or loss. In this precinct, it was expected they would be either a slab on
newer constructions or a suspended timber floor in older ones.
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4.5.2 Service systems
Audits are designed to verify of the installed systems such as lighting, heating,
cooling and water in buildings (in-use or not), as well as the technology and their
consumption, and how they are used. Potential root causes for inaccuracy in the
operating conditions, which must be defined for the calculations, include building
occupant density, occupancy profile, temperature set points, window positions
and the operating schedules of building services. These operating conditions are
generally influenced by building users and are very difficult to predict for new
buildings or establish with precision for existing buildings. Small power and
equipment load use by building users also have an impact on the building’s
energy performance and are often not fully captured for building physics
calculations (Burman et al. 2014). Nonetheless, this research aimed to enhance
the knowledge about these systems in the SCBR sector. Walkthrough audits
allowed close observation and some insights from the systems and how the
behaviour of occupants and business practices influenced the performance of
these systems.

4.5.2.1 Natural and artificial lighting
The lighting system is very energy intense for offices and retail businesses. In
retail, lighting is used to exhibit products (Figure 4-39), and in some cases the
light is so intense it compromises comfort inside the shop. Some premises have
a mixture of decorative and functional lighting, such as in Figure 4-40. Commonly
they are not in use, or some bulbs have been removed in an attempt to reduce
running costs.

Figure 4-39
lighting.

Display

Figure 4-40

Mix of lighting purposes.
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There are buildings that exclusively use artificial lighting. And buildings that could
count on daylight as a resource, often do not use it but instead keep ambient
lights on unnecessarily as shown in Figure 4-41 and Figure 4-42. Lighting in
offices plays an important role in productivity (Jovanović et al. 2014), and
therefore desktops should be well lit, as required by occupational standards. In
most of the office premises audited the focus was on ambient lighting.

Figure 4-41
façade.

Natural light from the

Figure 4-42
clerestory.

Room lit by a

4.5.2.2 Cooling and ventilation
The use and intensity of artificial cooling and ventilation systems can be related
to the needs of the relevant climate zone. Most of the buildings audited did not
have centralised air-conditioning systems. Most retailers used portable pedestal
fans, and in some premises the occupant reported it was the same as used in his
home. Buildings with centralised air-conditioning systems were not generally
used efficiently.

4.5.2.3 Heating systems
Heating appliances in many premises were portable. During the walkthrough
audit, it was common to observe more than one heater per room being used to
provide the level of comfort desired. One of the buildings, which was owneroccupied, had a heat-recovery ventilation system. This is probably because the
owner lives on the upper floor and works on the ground floor. This type of
occupancy allows controlling the system to take the best advantage of it.
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Finally, the desktop survey identified sustainability devices on rooftops such as
photovoltaic solar panels, solar hot water systems and skylights, as shown in
Figure 4-43.

Figure 4-43 Sustainability devices installed on the rooftops of buildings in
the precinct.

Source: Author.

4.5.2.4 Water distribution
An inventory of the water devices was carried out to estimate water consumption;
this included the number of employees and consumers. However, it was not
possible to provide consistent data to estimate consumption in these business
classes.

4.5.3 Consumption data from utility bills
As part of the recruitment process, occupants were asked to provide recent utility
bills. This proved to be very difficult because people were wary about disclosing
this information. The data below is initially presented for each business class and
then at the end of this section there is a comprehensive table that includes all the
data collected from the utility bills in this precinct. Input values for the area and
consumption were rounded up to facilitate reading. Most of the electricity bills
corresponded to the period from 30-12-2016 to 27-03-2017, which is Summer,
unless stated otherwise. When possible, the tables include the use and intensity
for each building, and the average.
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The utility bills requested from eight RE (retail) business class participants
resulted in five electricity bills and no gas or water bills. The values are in Table
4-11.

Table 4-11

Results for the electricity bills in the RE business class

Building
Code

Area
(m2)

RE-01
RE-02
RE-03
RE-04
RE-05
RE-06
RE-07
RE-08

200
45
211
105
53
78
34
80

Quarterly Electricity
(kWh)

EUI
(kWh/m2)

541
1,651

12
8

69
3,759
1,443

1
110
18

Average
EUI_RE
(kWh/m2)
13

Source: Audits carried out by the author.
From the eight buildings in the RE business sector, the ones that were not
included in the calculation of the benchmark are marked in Table 4-11 in light
gray and the exclusion is justified as follows. RE-01 did not provide an electricity
bill. RE-02 provided an electricity bill that covered the period from 10-02-17 to 1505-17, which did not correspond to the others in the sample, so it was not included
in the average calculation for the EUI of this business class. RE-05 was not fully
audited at the request of the occupants, who also did not provide electricity bill,
so it was not included in the calculation of the benchmark. RE-06 provided an
electricity bill that did not reflect the full use of the shop; the period coincided with
summer holidays, when it was reported that the shop was mostly closed. This
can explain the why the EUI is so low. RE-07 had a much higher consumption
than the others in the sample, possibly due to the high number of electrical
appliances inside the store, or because the renovations carried out in the rear of
the building are not part of the tenancy. For these reasons, these samples were
not included in the average EUI for the RE business class. Therefore, the RE
benchmark for electricity consumption was calculated with data from two
buildings, RE-03 and RE-08.
Utility bills for the OF (office) business class are presented in Table 4-12.
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Table 4-12

Results for the utility bills in the OF business class

Building Area Quarterly
Code
(m2) Electricity*
(kWh)
OF-01
77

EUI
Quarterly
2
(kWh/m ) Water (KL)

OF-02

313

8,770

28

OF-03

123

1,122

9

OF-04

119

1,204

10

OF-05

199

3,404

17

OF-06
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Average
EUI_OF
(kWh/m2)

16

WUI_OF

20 L/m2

4*

Note: *Water bill refers to the period from 21-10-16 to 18-01-17.
Source: Compiled by the author.
Utility bills for the HB (health and beauty) business class resulted in the values
listed in Table 4-13.

Table 4-13

Results from the utilities for the HB business class.

Building Area Quarterly
Code
(m2) Electricity*
(kWh)
HB-01
116
1,468

EUI
Quarterly
2
(kWh/m ) Water (KL)

Average
EUI_HB
(kWh/m2)

WUI_HB

13

HB-02

106

HB-03

84

977 *

12

HB-04

76

482**

1

HB-05

54

HB-06

46

HB-07

75

HB-08

90

310 L / m2
2,100 L /
working day

26***
13

91 L / person /
day

Notes: *Electricity bill refers to the period from 01-04-2015 to 01-07-2015.
**Electricity bill was normalised to 88 days.
***Water refers to the period from 18-01-17 to 27-04-17.
Source: Compiled by the author.
No gas bill was provided in this business class, three electricity bills were
provided but HB-03 did not refer to the same period as the others so it was not
included in the average for the class. HB-04 was in the first months of operation
and was not considered in the average EUI.
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Utility bills for the FO (food related) business class resulted in the values listed in
Table 4-14.

Table 4-14

Results from the utility bill from the FO business class

Buildin Area Quarterly EUI
Average Quarterly
g Code (m2) Electricity (kWh/ EUI_FO Gas (MJ)
(kWh)
m2)
(kWh/m2)
FO-01

91

FO-02

83

FO-03

43

FO-04

3,059

37

277

11,700

42

FO-05

65

14,007*

FO-06

350

27,690*

FO-07

50

EUI_
Gas
(MJ)

3795

14

215

1

0.01

79

297**

0.9

93

Average Quarterly
EUI_Gas Water (KL) WUI_
_FO
FO
(MJ/m2)
(KL)

5

110 water
36 waste 485
L/m2
water

Notes: * electricity bills refer to the period from 28-03-2107 to 03-07-2017.
**Gas bill corresponds to the period from 26-05-17 to 25-06-17.
Source: Compiled by the author.
The food related business class provided the most variety of data. This data
allowed for a calculation of use intensity for electricity, gas and water. Despite the
wide range of values, they were all included because the bills cover the same
period and are comparable. There was no apparent reason for an atypical pattern
of consumption in these businesses. Large variations in water consumption data
might indicate poor building performance due to misuse of systems or a
construction defect in the building fabric. However, the variety of the types of
businesses within the FO business class might indicate that this class needs to
be subdivided. A further subdivision should separate FO business according to
the type of food product being commercialised. For instance, a coffee shop rarely
prepares the pies, cakes and confectionary that they sell. Oftentimes, these
products arrive ready to be sold. A bakery prepares a great variety of bread,
cakes and biscuits onsite, and customers in these businesses usually buy the
products to take home, even though some bakeries offer places to consume the
products onsite.
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Utility bills for the SE (services) business class resulted in the values listed in
Table 4-15.

Table 4-15

Results from the utility bill from the SE business class

Building
Code

Area
(m2)

SE-01

148

SE-02

126

SE-03

67**

SE-04

91

SE-05

47.0
0

Quarterly
Electricit
y*
(kWh)

EUI
(kWh/
m2)

1,599*

13

2,815

42

Average
EUI_SE

Quarterly
Gas (MJ)

EUI
Gas
_SE
(MJ)

28,776**

28
kWh/m2

Quarterly
Water
(KL)

WUI
_SE
(KL)

348
water***
246 waste
water

8

228

SE-06

Note: * Electricity bill covers the period form 14-01-17 to 27-03-17 (73 days).
** Gas bill cover the period from 14-02-17 to 16-05-17.
*** Water bill covers the period form 01-04-17 to 30-06-17.
Source: Audits and utility bills, compiled by the author.
A general comment that is valid for all the business classes in this precinct is that
water bills are commonly paid by the owner, especially in a multi-tenanted
building, therefore even the most engaged participant would have difficulty
providing them. It is also important to highlight that even if the owner has access
to the water bills, they were not necessarily provided, as can be noticed by the
small number of water bills provided by building owners in this research.
Table 4-16 provides a summary of the information regarding utility bills provided
by participants in all business classes.
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Table 4-16

Summary of the utility bills provided by participants

Building Code
RE-01
RE-02
RE-03
RE-04
RE-05
RE-06
RE-07
RE-08
OF-01
OF-02
OF-03
OF-04
OF-05
OF-06
HB-01
HB-02
HB-03
HB-04
HB-05
HB-06
HB-07
HB-08
FO-01
FO-02
FO-03
FO-04

Area (m2)
200
45
211
105
53**
78
34
80
77
313
123
119
199
183
116
106
84
76
54
46
75
90
91
83
43
277

Electricity (kWhm2)

11,700

3795

FO-05
FO-06
FO-07
SE-01
SE-02

65
350
50
148
126

14,007
27,690

0.61
297

1,599

28,776

SE-03
SE-04
SE-05
SE-06

67**
91
47
200

2,815

Gas (MJ)

Water (kL/m2)

541
1,651

69
3,759
1,443
8,770
1,122
1,204
3,404

4

1,468
977
482

26

3,059
110 water +
36 waste water

348 water +
246 waste water

Note: **Partially assessed. Source: audits and utility bills.

4.5.4 Occupants profile and business practice
The results and findings in this section are based on crossing-referencing,
analysing and synthesising the Post-Occupancy Questionnaire Survey and
onsite observation and interaction with occupants during fieldwork. The survey
facilitated a better understanding of the business needs and the habits and
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profiles of the occupants. From the 35 participants recruited, two did not return a
completed questionnaire, but the 33 questionnaires received provided valuable
information about occupants’ satisfaction with the buildings and the overview of
business practice.
Businesses in the precinct employ from 1 to 6 employees (RE), 1 to 9 (OF), 2 to
10 (HB), 1 to 8 (FO) and 1 to 4 (SE). Regarding the frequency of customers, RE
and FO receive more than 60 consumers per day. Most participants are tenants,
but OF has a higher number of owners. In terms of length of time in the precinct,
RE has the shortest (2 months) and the longest (30 years). This is followed by
SE, with 4 months for the shortest and 17 years as the longest period of time.
When choosing building characteristics that are important for their business, most
of the RE business class chose floor area as the most important, along with
maintenance and rental costs. The OF business class chose floor area and rental
costs. The HB class chose floor area, cost of rent and visibility. The FO business
class choices included location, visibility, maintenance costs and rental cost. The
SE business class chose floor area, visibility, location and cost of the rent.
The most important perceived service or asset in the building was heating for RE,
OF and HB, interior design for RE and HB, electricity for all classes, gas for FO,
water for HB and FO, hot water for FO, air conditioning for RE and OF, natural
ventilation for HB and FO, natural lighting for HB, and artificial lighting for RE and
HB.
Respondents from RE and HB felt more uncomfortable during winter, whereas
OF and FO felt uncomfortable all year. The temperature they usually set for
cooling varies between 18oC and 24oC.
Waste produced inside the buildings varied in composition, volume, frequency
and treatment and storage before collection. RE mostly generates cardboard and
paper, OF paper and confidential paperwork; HB wax, wipes, hair colour and hair;
FO paper, plastic, glass and waste food; and SE plastic, cardboard and
recyclables. More than one person takes waste home for disposal because the
tenancy does not provide waste collection. Some occupants dispose of waste in
public bins on the footpath. The responses also stated that waste collection is
carried out by private and public services, and this varies from twice a week to
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fortnightly. The volume produced in each premise varies between zero in RE and
up to 660 litres in the FO business class. Most tenants do not separate, compact
or compost the waste that is stored inside the premises or in the backyard. Two
participants compost their waste.
Participants were asked about the last time the building was upgraded; RE and
HB mostly answered between 2006 and 2017. Most respondents did not
remember or know when the building was upgraded. In terms of upgrade cost,
those that answered positively (RE, FO and SE) said they spent more than
A$30,000 having the work done; this included instant hot water, re-wiring,
plasterboard for walls, painting and cosmetic fit outs. Asked about assistance
from AEC professionals, most said the question did not apply to their case.
Participants were asked about the barriers to upgrading; the barrier voted most
common was a lack of council incentive; the second was upfront costs; the third
was a lack of financing opportunities, a lack of time to plan, lack of technical
knowledge about energy saving devices, and owner unwillingness.
Curiously, during fieldwork, there was a call for building owners to apply for a
grant from the council, with funding being offered on a dollar-match basis
(Wollongong City Council 2014a). It was not possible to know the number of
building owners that applied for this grant, but some anecdotal comments were
received on the complication of the application.
When asked if they would pay a higher rent for an upgraded building, most of the
RE and OF said no, while the other classes were divided. Only one responded
positively and said that would agree to pay up to 1% to 5% more for an upgraded
building. However, they also said they would rather move to another building.
Tenants would often pay less for a dilapidated building rather than pay more for
an upgraded one because they see no added value in an upgrade. One example
is Tom who has been operating in Wentworth Street for 10 years. He had
occupied another building that cost A$105/week through a direct agreement with
the owner. These premises were big, but caused him a lot of health issues. In his
current premises, which are smaller and newer than the previous one, he pays
A$275/week including GST, with mediation by a real estate agency. His
understanding is that the higher costs are due to the services of a real estate
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agency, but since there is no parking area in the new premises, and he sees no
improvements in the volume of sales, he perceives no benefit from the service of
the real estate agent.
There are some businesses in the precinct that have signage on the shopfront
façade, commonly displaying a telephone number and social media links on the
Internet, but it was not easy to find the business owners onsite. One of these
businesses only operates onsite during two days of the week. It took three visits
to try to recruit them, with no success. Thus, as it was not possible to include any
of these businesses in this research sample, the reasons why they keep a
physical commercial address are still unknown. Some possibilities arose such as
having a storage area or having a commercial address to meet with customers.

4.5.5 Inventory of appliances
The walkthrough audits enabled an inventory to be taken of the appliances in
each premises, as listed in Appendix C. However, due to issues such as age,
maintenance and sometimes the lack of exclusive use of these appliances in the
premises, the inventory could not be used to estimate energy consumption

4.6

Summary of the chapter

This chapter presents a range of results and findings from the mixed-methods
data collection, including the perspective of the stakeholders interviewed, data
from the physical buildings, the service systems installed in them, the preferences
of occupants as to which building to occupy, and the consumption of resources
in these buildings. The summary of the utility consumption is presented in Table
4-17. The next chapter presents the analysis, integration, and synthesis of these
results and findings in order to elaborate on the answers to the research
questions formulated in Chapter One.
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Table 4-17

Summary of consumption by the class of business.
Retail
(RE)

Offices
(OF)

Health
and Food
Beauty (HB)
(FO)

Services
(SE)

Energy (kWh/m2)

13

16

13

93

28

Gas (MJ)

-

-

-

5

228

Water (L/m2)

-

20

310

485

8

Source: Utility bills provided by participants during walkthrough audits.
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5 Performance evaluation and benchmarks
5.1 Introduction
This chapter analyses, integrates and synthesises data collected and gathered
by implementing the MMR presented in Chapter Four. Benchmarks, or in some
cases baselines, are presented for each business class. Drivers and barriers to
upgrading the buildings in this precinct are presented and discussed. A checklist
is introduced as a tool to assist occupants in identifying those aspects of a
building to be improved, and the potential to upgrade. Finally, the chapter
suggests strategies to incentivise the uptake of upgrades in this precinct.

5.2 Analysis and discussion of results and findings
The study area and the buildings in the sample were detailed in the previous
chapter. Integration of results and findings aims to produce new information and
advance in the knowledge on the dynamics of this precinct. This better
understanding allows strategies to potentially incrementally improve the
performance of the buildings and hence enhance the environmental performance
of the building stock. This approach to performance is based on Goldstein and
Eley (2014) operational rating that informs how energy intensive a building is
compared to its peers, combined with individual building elements to shortlist and
rank a number of sustainability measures.
The analysis of data produced aims to describe the reality of the SCRB sector
during a specific period of time, which was the months of May and June 2017,
when fieldwork was carried out. Therefore, the analysis around the SCRB sector
extrapolates the technical and physical aspects of the building related to
performance, to contextualise the occupants' impressions on how the building
meets their expectations.

5.2.1 Envelope
An analysis of DAs from the WCC database identified a significant level of
building construction during the 1950s, so the majority of the existing buildings
are at least 60 years old or more. The DAs also revealed a predominance of
additions and changes of use since then, which suggests the building stock has
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had many layers of building materials and construction techniques added over
time. While it is not possible to identify the building materials in the composition
of the envelope precisely, triangulating the period in which buildings were
constructed with a study of residential typology and construction techniques, it
was possible to compare and estimate the composition of the envelope in the
SCRB, as suggested in Section 4.5.1. Daly et al.’s study on the typologies of the
residential building stock (Daly et al. 2016) classified the archetypes and the
related building materials. Thus, a residence built around the 1950s or earlier
typically adopted one of two construction techniques: timber framed with brick
veneer or brick cavity walls.
The premises in the precinct are mostly compact, with a narrow street façade.
Finishes include face brick, rendered brick, and also ceramic tiles on the ground
level. It is reasonable to consider that these commercial buildings have the same
construction techniques as other residential buildings from the same period.
Therefore, the percentages for heat transmission loss in these techniques can be
considered the same. Table 5-1 presents the typical transmission losses of the
elements of the residential building envelope.

Table 5-1 Typical envelope transmission losses
Building element
Ceiling
External Walls
Windows
Air Leakage

Heat gain
25% to 35%
15% to 25%
25% to 35%
5% to 15%

Heat loss
25% to 35%
15% to 25%
11% to 20%
15% to 25%

Source: Mosher, McGee, and Clarke 2013.
Based on Table 5-1, it is possible to conclude that the ceiling has a major
contribution both to heat gain and loss (25% to 35%); windows come in second
place in the contribution to heat gains (15% to 25%) (Mosher, McGee, and Clarke
2013). While these are values for a typical envelope, it is expected that a passive
solar building would have the same percentages for these different elements, but
the overall heat losses and gains would be significantly lower due to a better
performing envelope (Konstantinou 2014).
Taking as evidence the visual survey of the performance of envelopes such as
those in Figures 5-1 and 5-2, it is reasonable to assume that the envelopes of
these buildings generally have poor performance, which compromises their
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capacity to retain heat and cold loads, if it is a case of having an air conditioning
system. In most audits, it was not possible to identify whether a building was
insulated because the occupants do not have this information.

Figure 5-1 Residential use above
commercial premises seen from
the backyard. Source: Author.

Figure 5-2 Detail of the previous
image, showing a weatherboard
envelope, door and (broken)
windows in timber frame.

Isolating the interface of the building interior from the exterior by eliminating the
possibility of opening the windows was a common practice found in the pilot
study, as shown in Figure 5-3. The same practice was identified in the main study
area, shown in Figure 5-4. Behind the fixed glazed panel and the external blind
there is a wall for displaying products so there is no access to natural ventilation
except through the doors. This kind of practice forces the occupants constantly
to use mechanical ventilation or air conditioning.

Figure 5-3 Pilot study: kitchen Figure 5-4 Main study area: External blinds
window to a former rear area,
over fixed glazed panel.
which has been totally enclosed
and the window made
inoperable.
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Characteristics commonly found in the envelopes of the buildings in the study
area include aged terraced constructions with small frontages (Figure 5-5), little
or no space between external walls (Figure 5-6); large areas of simple glazed
façades at the ground floor and metal frames (Figure 5-7). Glazing and metal
frames are poor insulators and the incidence of solar radiation on these surfaces
creates a greenhouse effect that increases the internal temperature in the
premises. This is especially important for those buildings facing NE (odd
numbered side of the street) which receive solar radiation on the façades during
most of the day. Most of the commercial premises in this situation will have their
internal temperature increased. This heat gain might be beneficial during the
winter, but certainly not during the summer, resulting in one of the causes of
thermal discomfort to the occupants. This discomfort usually results in the use of
electrical appliances to maintain levels of comfort.
The age of the buildings, the apparent lack of appropriate maintenance and poor
sealing are indicative of poor envelope performance.

Figure 5-5 Terraced
constructions.

Figure 5-6
Space
between
external
walls.

Figure 5-7 Single glazing
and metal frame in ground
floor façade.

Onsite observations revealed that the older buildings are not always the least
maintained. Examples of such buildings are shown in Figure 5-8 and Figure 5-9.
The second one, likely to have been constructed in the 1960s, has been
upgraded and might be serving their current purpose satisfactorily, but not
necessarily in an efficient way.
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Figure 5-8 Upgraded building in
Wentworth Street.

Figure 5-9 Upgraded building in
Wentworth Street.

A recently upgraded building included insulation underneath the ceiling (Figure
5-10), despite the gap between the roller shutter and the ceiling and walls (Figure
5-11). This condition is not ideal for a conditioned space and is likely to
compromise the efficiency of the insulation.

Figure 5-10 Ceiling insulation in a
storage area.

Figure 5-11 Roller shutter with gaps
between door and wall.

5.2.2 Façades
The façades at the ground level commonly show cosmetic improvements to meet
the demands of businesses. Ceramic tiles at ground level and large simple
glazing in metal frames are the most common materials for shop windows
(Figures 5-12 and 5-13). This indicates that improvements were made to
modernise the façade to make it more attractive to customers. In the commercial
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building sector visual appeal is important for business success (The Energy
Alliance Group of Michigan 2014).

Figure 5-12

Ceramic tiles façade.

Figure 5- 13 Examples of ceramic
tiles on the ground level.

Additionally to the aesthetic improvements from new materials, recent upgrades
incorporate components such as windows and doors with grills and/or roller
shutter doors to adapt to current needs (e.g. security). Improvements in the
buildings are almost always for aesthetic or security purposes after a vacancy
period, and generally there is no intention to improve energy performance or
sustainability. Buildings, such as those in Figure 5-14, have newer windows than
the non-retrofitted buildings. Even single glazed windows can potentially have a
better performance, because the performance of the window is a result of the
performance of its components such as insulant, frames and glazing type
(Konstantinou 2014).

Figure 5-14 Building with a modernised appearance might have better
performing windows.
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The orientation of these façades combined with the glazing areas might cause
the discomfort revealed in the questionnaires (e.g. HB-02, HB-06 and SE-03).
Occupants of buildings with a recessed entrance (Figure 5-15) or with a
serviceable awning (Figure 5-16) were less likely to complain about discomfort
during the summer.

Figure 5-15 Recessed entrance
minimises direct sun incidence.

Figure 5-16 NE façade partially
protected by an external awning.

Many buildings are without the original awning, while others have a defective
awnings or awnings that are in poor condition (Figure 5-17), which increases heat
gain.

Figure 5-17

Buildings without an awning or with defective awnings.

Both internal and external shading are used in the buildings, but in many
instances these are not used properly. Internal shading, as in Figure 5-18, is not
enough to stop the transfer of heat to the interior of the building, which means
that occupants are not gaining the benefits they want. In this case, a reflective
internal shading would be more effective to minimise heat gains (McGee 2013).
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Figure 5-18

Examples of internal shading in use in the buildings.

This solution is affordable, whereas an external awning is expensive, and it forms
part of the building, which means the owner is responsible for it. The internal
shades typically found in this study were less effective than external shades
would have been in these situations.

5.2.3 Floor plans
Most buildings in the precinct have open floor plans that offer flexibility for a range
of commercial end-uses, whereas others are very compartmentalised, which
might indicate a possible previous residential use. An internal breakdown of the
building fabric shows they are mainly constructed from timber, plasterboard
(Figure 5-19), or brick masonry (Figure 5-20). This last building has been adapted
with extensions to the original construction, and in places the partitions do not
connect to the ceiling.
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Figure 5-19
partition.

Plasterboard internal

Figure 5-20
partition.

Brick masonry internal

Most buildings have no or very few internal partitions on the ground floor, which
results in the same area being used for many functions; this situation limits any
zoning of the conditioning systems. A zone is defined by an enclosed area which
might be indicative of different use. The number of zones in each building was
documented during walkthrough audits, determined by the uses observed.
Analysis of the data suggests that there is no correlation between the number of
zones and energy consumption in the building.
The ratio between the floor area and the number of zones in each building is
presented in Table 5-2. The table also relates energy consumption with subdivision inside the buildings to explore if there is a pattern. No correlation could
be established, because more detailed data about consumption is needed to
explore this analysis.
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Table 5-2 Relationship between floor area and the number of zones in each
premise.
Building
Code
RE-01
RE-02
RE-03
RE-04
RE-05
RE-06
RE-07
RE-08
OF-01
OF-02
OF-03
OF-04
OF-05
OF-06
HB-01
HB-02
HB-03
HB-04
HB-05
HB-06
HB-07
HB-08
FO-01
FO-02
FO-03
FO-04
FO-05
FO-06
FO-07
SE-01
SE-02
SE-03
SE-04
SE-05
SE-06

Area
(m2)
200
45
211
105
53
78
34
80
77
313
123
119
199
183
116
106
84
76
54
46
75
90
91
83
43
277
65
350
50
148
126
67
91
47.00
200

Number
of zones
12
4
5
8
1
3
2
2
2
11
6
7
7
8
11
4
9
7
5
3
3
4
5
2
3
14
5
7
1
3
2
2
3
2
9

Area/ zone
16.67
11.25
42.20
13.13
53.00
26.00
17.00
40.00
38.50
28.45
20.50
17.00
28.43
22.88
10.55
26.50
9.33
10.86
10.80
15.33
25.00
22.50
18.20
41.50
14.33
19.79
13.00
50.00
50.00
49.33
63.00
33.50
30.33
23.50
22.22

Average EUI
kWh/m2/quarterly

EUI
(kWh)

Relation to
average

12
8

Below
Below

1
110
18

Below
Above
Above

28
9
10
17

Above
Below
Below
Above

13

Average

12
1

Below
Below

37

Below

42
215
79

Below
Above
Below

13
42

Above
Above

13

16

13

93

8

Source: Compiled by the author.

5.2.4 Installed systems
The systems and appliances in use are closely related to the type of business
being carried out, so the approach to installed systems during the audits was to
verify whether the system in use was for cooling, heating or lighting.
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An analysis of DAs showed that most recent applications aimed to incorporate
facilities such as a shop-top dwelling, an internal bathroom, and newer
technologies such as air conditioners. With regards to an air conditioning system,
many people see this improvement as a solution to comfort issues. During the
recruitment phase, one occupant pointed to the air conditioning equipment to
justify his decision not to participate in the study; he stated that with air conditioner
he does not need to worry about comfort in the building.
A strong characteristic in the precinct is the securing of windows so they cannot
open, usually on the rear façades, as shown in Figure 5-21 and Figure 5-22. This
was initially noticed in the pilot study in Crown Street, Wollongong, and then it
was observed that it is also a practice in Wentworth Street, Port Kembla, NSW.
This is probably due to security issues because it has no positive effect on interior
comfort.

Figure 5-21 Window view from the exterior,
blocked by old doors.

Figure 5-22 Interior view of
the same window, with a blind
over it.

Portable fans and heaters to control comfort inside the buildings (Figure 5-23) are
commonly used by all the participants, even when they have an HVAC system.
The occupants of buildings SE-03, HB-02 and HB-06 commented that they use
the same fans and heaters in the business premises and at home, and that they
bring them with them on a daily basis.
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Figure 5-23
buildings.

Examples of portable devices for controlling comfort inside

This is an indicator they do not feel comfortable inside the building but are not
willing to invest in the building to keep it comfortable. Others identified ways of
controlling the comfort in the audited buildings using ceiling fans and large
heaters or fireplaces, as in Figure 5-24.

Figure 5-24
premises.

Devices that occupants use to control internal comfort in

Some of the premises/floor areas need up to three heaters to make the space
comfortable during winter. It is likely that the cost of the energy required to run
the appliances would represent a large part of the operational costs of a small
business.
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5.2.4.1 Air conditioning
Whole buildings occupied by one business are more likely to have a centralised
air conditioning system but there were multiple split systems in use as an air
conditioning solution (Figure 5-25). Outdated systems or inadequate operational
conditions can cause inefficiencies (Markis and Paravantis 2007; Corbella and
Cörner 2002).

Figure 5-25

Centralised ducted air conditioning systems.

Common issues identified in larger air conditioned areas include the incomplete
sealing of the envelope, as evidenced by the unsealed fireplace/chimney in
Figure 5-26, broken windows, unshaded glazing or transparent external surfaces,
as in Figure 5-27.
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Figure 5-26 View from the top of a
fireplace covered with a perforated metal
sheet and a poster.

Figure 5-27 Transparent
surfaces with a high incidence
of solar radiation.

Split systems are the most commonly installed air conditioning systems in these
buildings. Regardless of the accurate calculation of the load, the building
envelope (Section 5.3.1) and internal conditions (Sections 5.3.5 and 5.3.6) of the
buildings do not typically support the efficient use of these systems (Corbella and
Cörner 2002). An example is when equipment has to cool a room where there is
a corridor or a suspended ceiling connected to this room, which means the
equipment must cool all these communicating areas. Figures 5-28, 5-29 and 530 are examples commonly found in the audited buildings. Figure 5-28 shows a
suspended ceiling is used as a storage area. This indicates the need for more
space and that this is more valued than air conditioner efficiency. Another
possibility, and the most probable, is that the occupant does not even know that
this situation can be a source of inefficiency in the premises. Business people
have multiple roles in a small business, which results in a lack of time to dedicate
to topics such as energy efficiency and sustainability.

208

Figure 5-28 Suspended ceiling used as a storage area, though it should be
enclosed to enhance cooling efficiency.

Figure 5-29 Internal partition.

Figure 5-30

Poorly sealed door.

Figure 5-29 shows a similar situation where the partition does not enclose the
room, forcing the equipment to heat or cool both areas. Usually both areas are
not well conditioned. The entrance door in Figure 5-30 is not well sealed, as can
be seen by the light passing under it. This communicates with the exterior and
allows a constant loss of thermal load and heat gain, which does not contribute
to achieving efficiency.
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5.2.4.2 Lighting
The lighting systems in the buildings in this precinct do not seem to be planned
to enhance energy efficiency. There are a number of decorative lighting
appliances such as chandeliers or spotlights, usually in hairdressers and beauty
services. Some of these appliances appear to be not in use because they are
without lamps. Excessive lighting devices used as decoration can increase the
cost of electricity bill, as they are high energy consumers and not really necessary
for business activity. Lights that show or exhibit products and services are
typically more elaborate than those specifically for lighting tasks.
There are many different types of lighting that overlap with each other. While the
use of ambient lighting and focused task lighting is recommended to increase
efficiency, what was observed in these buildings was an overlapping of lighting
uses to make the existing lighting to adequate for new needs. Intentional removal
of light bulbs was observed, which indicates an spontaneous initiative to reduce
electricity consumption.

Figure 5-31

Different lighting technologies in use.

In many audited buildings the lights were on even though there was enough
diffused daylight (Figure 5-32). In most cases it is doubtful whether there is a
control that could balance the use of light during working hours, and if so, whether
or not it would be used. It is easier for the building users to turn everything on in
the morning and turn it off when they leave.
LED lighting was identified in half of the premises audited. Usually, the original
lighting

system

had

been

upgraded

by

just

changing

the

incandescent/fluorescent bulbs to LED. Six of these premises showed evidence
of a new system in which lighting was projected to fit a commercial purpose.
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Whilst lux levels were not measured during the audits, it was apparent in a
number of premises that artificial lighting was not required. Onsite observation
during walkthrough audits, detailed in Sections 4.8.1 to 4.8.3, combined with
occupants’ questionnaire responses, detailed in Section 4.8.4, evidenced a lack
of concern about lighting optimisation.

Figure 5-32

Lights on when there is enough natural light in the room.

In some buildings, skylights were used to improve natural lighting. The skylight in
Figure 5-33 sits in the roof of an open area in a building where an HB business
carried out. The skylight in Figure 5-34 sits in the roof of an enclosed and air
conditioned area in building where a RE business is carried out. Whereas solar
radiation is beneficial during winter, it will compromise air conditioner efficiency
during summer.
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Figure 5-33 Skylight in a covered nonenclosed area.

Figure 5-34 Skylight in an
enclosed air conditioned room.

5.2.4.3 Water
Water devices in these commercial premises vary according to the end use
activity. In RE premises they are limited to a washroom that consists of a toilet, a
sink, a shower and a kitchen sink. In some instances, the washroom is outside
the building. The OF premises audited have a kitchen sink, and some have
separate washrooms for men and women.
In the HB sector, there is a more intense use of water. Premises usually have a
kitchen sink and one complete bathroom. One of the premises audited has an
additional washroom with a bathtub with hot water supply. Hairdressers in the
precinct have a washroom, a kitchen sink and hair wash seats, usually two, which
are supplied with hot water (Figure 5-35). A recent trend in tanning means
additional water is consumed in HB premises, because consumers want to take
a shower after treatment; this increases the water consumption far more than
water consumed in typical hairdressers.
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Figure 5-35

Seats for washing hair.

Figure 5-36 Industrial
dishwasher.

The FO sector has intensive water use; they use water to wash food, clean dishes
and glasses (Figure 5-36), and several other activities. The SE sector may be
water intensive or not, depending on the type of business.
There was limited use of water saving devices. Only one premise had a double
flush toilet and a water saving tap, included during a recent upgrade. It was not
possible to verify the efficiency of equipment used in the provision of services,
such as industrial washing machines in laundries and dishwashers in coffee
shops, because of this required access to the technical manual for the equipment.
Some premises do not have access to the backyard; while in others the
backyards were either vegetated or paved and thus impervious. Though the
backyard in a building is an area with potential water consumption, because this
consumption is not typically related to the business activity, its verification was
not in the scope of this research.
The number of water devices in a commercial building provides an approximation
of the needs of the business; however, they cannot be used to determine
consumption because the combination of devices and their intensity of use
defines consumption. A leaking pipe or tap can waste water, so the efficiency of
a business in the use of water requires consumption data before it can be
determined. The baselines established in this research were calculated using the
water bills provided and the measured area of the buildings.
213

5.2.5 Appliances
Electrical appliances are an important part of understanding building
performance, not only because of their energy consumption, but also because
they generate heat inside the building (Horne et al. 2005) and can potentially
increase the demand for air conditioning. This internal load combined with the
conditions posed by the interaction with the envelope and climate, may or may
not be beneficial to comfort inside the building at different times of the year
(Taveres-Cachat et al. 2019). This is why it is important that occupants
understand how heat is transferred in the building, so they can control the
frequency and use of these appliances (Bhatia 2014).
The inventory, however, proved to be less useful as an estimation of energy
consumption because it would rely on:
- regular usage patterns of the premises and equipment, which was not the case
for this precinct.
- determining the brand, the year of fabrication and the wattage of the appliances.
Difficulty in identifying technical information of the appliances occurred more
often in businesses such as FO, HB and SE, which are business classes that use
specific appliances on a daily basis. For these reasons, data from the inventory
were not used in the analysis.

5.2.6 Stakeholders
The relationship between a landlord and a leaseholder is very important.
Fieldwork revealed agreements between tenant and landlord to implement
improvements. In one situation, the landlord waived twelve months of rental so
the tenant could invest in building improvements and adaptation to the needs of
the business. Another similar situation was identified in a new lease in recently
upgraded (by the building owner) premises, where the tenant had six months of
reduced rental to help with the business set up. While these relationships
characterise an informal incentive where both sides want to invest, there is no
guarantee that improvements implemented in cases like these will target
improvement in the environmental performance of the buildings. Therefore, this
situation is a long way from approaching the objectives of GL (Janda et al. 2016),
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as practiced for example in Sydney in the top-performing PCA graded office
stock. However, the landlords and owners having an agreement that is beneficial
to both sides show that a partnership is possible and should be incentivised.
Despite some informal agreements between landlords and tenants, there
remains some lack of agreement about waste collection. Some tenants complain
about not having waste collection included in their leases. In this precinct waste
collection is a public service offered by the council for a fee that is charged with
the building tax according to the volume to be collected per week. In mixed-use
buildings, this service will cover the amount of waste produced by the residence
above the store. Owners may refuse to pay a higher fee for waste collection
because if there is a vacancy, the tax is due even if no waste is produced. This
is a type of split interest that commonly is not evident to planners. It can only be
brought to light when a thorough assessment is carried out.
An overview of decisions about upgrades taken by building owners, guided by
onsite observations linked with information from interviews and engagement
during recruitment, reveals three possible outcomes. In the first, if money is
available to the building owner and there is a willingness to upgrade, a retrofit will
result whether or not a qualified professional is involved. In the second case, no
money is available to the building owner, no one is willing to upgrade and no
retrofit takes place. In the third case, when there is a willingness to upgrade but
no money is available to the building owner, and no qualified assistance is sought,
it is less likely that there will be a retrofit. Table 5-3 illustrates these three
theoretical cases when a building owner makes a decision about upgrading.

Table 5-3 Summary of decisions made on buildings upgrades in the precinct.
Money
Case 1
Case 2
Case 3

Yes
No
No

Willingness
to upgrade
Yes
No
Yes

Qualified
knowledge
Yes or No
N/A
No

Action

Outcomes

Yes
No
Yes

Retrofit occurs.
No retrofit.
No retrofit.

Regarding business practices and habits of occupants towards the building, it
was observed that there is still a prevalence of outdated practices such as printing
all electronic mail between the business and its customers.
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In regard of the preferred location to carry out a business, the market is volatile
and businesses are always looking for the lowest rental to reduce costs.
However, public transport was also an important amenity to businesses in the
SCRB due to the need to attract customers.
One curious attitude that was observed during the walkthroughs is that, on many
occasions, fragrance candles were lit and left unattended inside the premises.
This was first noticed in the buildings in the pilot study, when the occupant
reported that it was used to minimise the smell of mould from the walls. Likewise,
fragrance candles were found in the buildings in Wentworth Street to disguise the
smell of mould. They were also used as a decorative feature in three out of eight
HB businesses in enclosed rooms where therapeutic treatments are carried out.
Despite candles not having the capacity to heat a space appropriately, they can
be perceived by occupants as providing comfort and relaxation.
Another typical situation for this precinct, also identified in the pilot study area, is
that occupants permanently secure windows, probably due to security reasons.
The original building included windows with a sufficient ventilation area to provide
adequate air exchange. When windows can no longer be opened, occupants
cannot regulate natural ventilation to improve the comfort inside the building. In
this case, thermal comfort inside the building is totally dependent on active
systems, which increase energy consumption.

5.2.7 Waste
The type of waste this research is interested in is that generated during the
occupancy phase, which excludes waste from building construction. Waste
generated during the occupancy phase is related to the type of commercial
activity carried out in the building. In this regard, two major issues were identified:
a dispute between tenants and building owners around waste collection; and the
production of waste as a result of the business activity that negatively impacts the
environment.
Engagement with participants revealed three complaints about not having waste
collection provided by the building owner. The Domestic Waste Management
Charge is due annually on the 1st of July and is charged with other property fees
(Wollongong City Council 2019). This service allows for recycling and waste bins
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to be allocated to each property and these are not transferable between
properties. The costs for this service are in Table 5-4.

Table 5-4 Waste management annual charge according to collected volume.
Bin capacity
80 l
120 l
240 l

Domestic or Non-domestic charges
A$ 313/ year
A$ 411/ year
A$ 677/ year

Source: Wollongong City Council 2019.
The ‘Wheel-Out-Wheel In’ service is available at an additional annual fee of
A$270.00, and provides for moving the bins out for collection and returning them
to the property (Wollongong City Council 2019). This service and others, such as
changing the size of the bin, can be booked directly on the council website
(Remondis 2014).
The dispute occurs mainly because of the residential use of top floors. This often
results in the bin paid by the building owner being completely used by the
residents. This means that commercial tenants would have to pay for their own
bins through the waste management charge, which would increase their
operational costs. In other premises, the collection is fortnightly, which is not
sufficiently frequent to remove all the waste produced. Therefore, a
complementary waste collection has to be arranged. Smaller business from RE
and SE classes mentioned taking commercial waste home to be disposed of in
their domestic bin. Disposing of waste in someone else’s bin or in the public bin
on streets was observed to be common practice, even in the residential sector.
One solution would be to make commercial business operational licenses
conditional on the existence of an approved waste management plan.
The second issue related to waste is the volume added to the local landfill.
Wollongong City council manages over 150,000 tonnes of waste per year, with
an annual cost in excess of A$40 million. If this volume could be reduced, this
capital could be applied to improve other important aspects of the community
(Wright Corporate Strategy and Phil Hawley and Associates 2014). Volume
reduction could occur as a result of the diversion of waste from landfills
(Bilitewski, Wagner, and Reichenbach 2018 ). Waste collected is disposed of in
the (currently operating) landfill site at Whytes Gully in Kembla Grange which is
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approximately 12 km far from Wentworth Street (Figure 5-37). The capacity of
this landfill has been the subject of ongoing concerns.

Figure 5-37
Route from Port Kembla to Whytes Gully Waste Recovery
Centre, at Kembla Grange, NSW.

Source: Google 2019.
Council has extensive data available on the generation and diversion of domestic
waste and recyclables. However, data on commercial and industrial waste
generation are limited, since the collection service to these sectors is undertaken
by private contractors.
Waste generation cannot be attributed solely to the characteristics of a building;
it is rather a result of operational business practices and the consumption habits
of the occupants (Bilitewski, Wagner, and Reichenbach 2018 ). The commercial
sector produces a large volume of waste that is disposed of in landfills (Bilitewski,
Wagner, and Reichenbach 2018 ). However, multi-storey or larger buildings have
the capacity to concentrate waste generation with respect to collection distance.
The transportation of waste to landfills and degradation of waste over the years
are phenomena that generate GHG, which is a negative environmental impact to
be avoided. Thus sustainability upgrades should, to the extent possible, consider
the need for spaces that facilitate waste management according to business
needs. For example, restaurants need a place to store scrap food before it is sent
to compost; while packaging should be stored separately before recycling. These
specific spaces in the building can be a starting point to encourage best practices
such as reducing the volume of waste that is disposed of in landfills. If these
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practices were implemented, the lifespan of the existing landfill would be
extended, which would positively impact the environment.

5.3 Benchmarking and baselines for the SCRB sector
Benchmarks rely on current data, not only because buildings degrade over time
which affects their performance, but also because of variations in the use of
electrical (Li, Han, and Xu 2014) and water devices. The performance of the study
area was estimated by benchmarking the performance of the audited buildings.
To better reflect the commonalities within commercial uses, buildings in the
sample were classified according to the type of commercial activity carried out.
Five classes were proposed based on the nature and needs of the activity and
how staff and customers use the space:
Retail (RE) – This business class consists of buildings where goods such as
clothes, sporting products, musical instruments, or arts and crafts are on sale.
Since there is no product preparation needed inside these premises there is no
intense use of water or gas. Typically, RE businesses need storage and display
areas (Buxton 2015) and are intense users of light, which can be higher than FO
business class (Amitrano et al. 2014). Staff numbers are kept to a minimum,
usually the business owner and sometimes an employee. Onsite observation
revealed that customers might shop at any time during working hours, and are
commonly inside the premises for less than 30 minutes. A free parking spot in
front of the building is preferred by most consumers, so they can shop easily
(Tom, business owner, 2015; Ann, business owner, 2015).
Offices (OF) – This type of business includes accountants, lawyers and
institutions in which the mainly intellectual work is produced by staff sitting at
desks. Typically, based on anthropometric data to guide project designs (Buxton
2015), offices need larger areas than the other business classes in order to
accommodate the employees, the equipment, document storage and meeting
rooms. There are more employees present per day than clients, which means
that electricity and water consumption are based on the use of space, not the
service they provide. Visiting clients usually spend around an hour inside the
premises, and since this business class commonly occupies the whole building,
parking can be provided onsite. In most of the buildings audited in this research,
219

if there is a residential use upstairs, the rear parking area would be designated to
the residence and not to the business on the ground floor. This was a complaint
from one interviewee.
Health and Beauty (HB) – The business class in this precinct includes
hairdressers, beauty and therapy clinics, and other services that require privacy
and comfort. These businesses might need rooms for an individual consultation,
or open plan spaces for group classes or treatments. Staff numbers are usually
the same or slightly higher than the number of clients in the premises, therefore
the attendance room is an area that deserves more attention during retrofits.
Since the focus is on health and well-being, there can be an intense use of water
and electricity to provide a comfortable and safe service to the consumer. Most
businesses in this class are tenants.
Food (FO) - Food related businesses consist of a range of models from a small
coffee shop that serves ready-made finger food, to complete restaurants with
industrial appliances to prepare food on the premises, and bakeries. Staff
numbers are smaller than the number of customers, who might visit at specific
times such as breakfast and lunch. They are intense users of water and energy,
and while their space needs vary, they prefer large premises with a high
pedestrian rate.
Services (SE) – This type of business provides services that somehow differ from
OF or HB. These include a post-office, gallery, art studio, small repair shop,
entertainment, private classes and laundry. This type of service is commonly very
specific, so staff are kept to a minimum and clients might enter the premise at
any time. This class of business requires large spaces for equipment and storage.
Suggested minimum and maximum areas per person according to the
commercial activity carried out are provided in Table 5-5.
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Table 5-5 Suggested area per person according to commercial activity

Building use

Area (m2)

Bars

From 1.4 to 4.7

Cafeteria

From 0.9 to 4.7

Offices

From 4.7 to 14

Pharmacy

From 1.4 to 4.7

Snack bar

From 0.9 to 4.7

Post-office

From 9 to 46.5

Restaurant with service

1.5

Restaurant without service

1

Retail stores

2

Supermarket

2

Source: Engineering ToolBox 2003.
Though helpful, these recommendations for minimum areas for different
commercial uses are more useful for new buildings than retrofitted ones.
Moreover, the adaptation of existing buildings depends not only on the new use,
but also on the business culture, size and trajectory. Therefore, the adoption of
standardised minimum areas might not be feasible. Occupants and AEC
professionals responsible for a retrofit project have to analyse the possibilities
offered in each space, based both in the business practice of the occupant and
the technical knowledge of the AEC professional.
Different types of businesses have different space needs. Figure 5-38 compares
the area required by customers and clients across the five business classes in
this research.
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Figure 5-38
classes

Area required by customers and clients across the five business

The subdivision of building areas revealed a pattern of use that follows the
scheme shown in Figure 5-38. This figure shows the areas estimated during
onsite observation that are dedicated to staff and customers in each business
class. The light grey area represents the percentage of space where products
and services are exhibited for sale. This area is where customers buy or receive
provided services, and since it is for staff and customers, it is commonly the focus
of improvements to attract customers. For example, in the FO business class it
might have background music, comfortable seats and display cabinets focusing
on food. In the SE business class this represents the place where the customers
leave objects to be repaired or deliver parcels. The RE business class usually
emphasises their products with lights, while the HB class provides a comfortable
and relaxing experience for the customer when on the premises. The duration of
customer occupancy of the light grey areas is related to the type of business, not
only to the class. For instance, within the FO business class, restaurant
customers might stay longer than customers of a take-away pizzeria, who are not
supposed to eat on site.
The white area represented in Figure 5-38 is where services or products are
prepared by the staff and also includes kitchens and bathrooms for staff. In the
RE, HB and SE business classes, this area does not receive much investment in
comfort, because it is usually a storage or working area and not designed to
attract customers. In OF, it has a focus on employee wellbeing, which is related
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to productivity and profit. It is also an area that customers will sometimes access,
for instance in the case of a business meeting. It is an area that receives more
investment in comfort such as the installation of new appliances, lighting and air
conditioning.
A proposed method for establishing the qualitative relationship of relative
intensities of business classes is provided below. It considers typical processes
in the SCRB study area and sheds light on the qualitative information from
interviews and observational analysis. For example, for employed staff, there are
more employees in the FO business class than in the SE business class. For total
customer visits per day, there are more customers visiting a RE business than an
OF business. This comparison, based on onsite observation of the synergy of a
weekday, may be useful in understanding the demand for certain facilities in a
building according to the type of business carried out. These intensities also have
the potential to be used as a weighting matrix to enable comparison across
business classes if needed. The typical intensities that differentiate businesses
from each other are presented in Table 5-6, on a simple scale of three intensities.

Table 5-6 Comparison of relative intensities in the business classes.
Business Class

Aspect analysed

RE

OF

HB

FO

SE

Staff employed

1

2

2

3

1

Electrical appliances in use

1

2

3

3

2

Customer Intensity

3

1

2

3

3

Lighting

3

3

1

2

2

Intensity scale: 1 = Low

2 = medium

3 = high

Source: Author.
The relevance of independent benchmarks or baselines for each business class
relies on the applicability and utility of the results found. This business
classification might differ in other places and it might change if replicated in the
same place in the future.
It is desirable that appropriate benchmarks be created to allow meaningful
evaluation of the SCRB sub-sector. Existing BPE tools focus on buildings in the
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CBD of major cities, in which the corporate management structure and magnitude
of the commercial activities is not comparable to those of the SCRB.

5.3.1 Whole buildings vs. tenancies
Benchmarks commonly refer to whole buildings. Most of the recruited participants
in this research are responsible for only a fraction of their building, or
premises/tenancy. It is recommended that datasets and benchmarks should be
Findable, Accessible, Interoperable and Reusable (Wilkinson et al. 2016). The
benchmarks proposed in this research refer to both premises and whole
buildings. As explained earlier, six whole buildings with one business were
audited (RE-03, OF-02, OF-05, OF-06, FO-06, SE-06), as well as one whole
building with four premises and three different uses (RE-06, OF-03, OF-04 and
FO-01). In this case, the sum of the four premises resulted in another whole
building being audited. This was facilitated by the owner, who occupies part of
the building, and the tenants, who were also willing to participate. All the other
audits were carried out in tenancies or parts of buildings – the remainder of which
was not fully assessed. Table 5-7 summarises the distribution.

Table 5-7 Share of buildings per audit extent and business class.
Extent of audit

Business class

Total per audit extent

RE

OF

HB

FO

SE

Whole building

1

3

0

1

1

6

Tenancy

7

3

8

6

5

29

Total per business class

8

6

8

7

6

35

The number of participants recruited meant that 35 out of 77, or 45%, of the
commercial buildings in the precinct were audited. This is considered to be a
satisfactory sample which is representative of the study area. However, not all
the participants completed the documentation requested. Of the 35 buildings
audited, two did not return the questionnaire; 18 (51%) provided electricity bills,
of which at least two are valid in each business class. Four out of 35 (11%)
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provided a gas bill, of which three are FO and one is SE. Water bills were provided
by only five participants, one from each business class.
Of the utility bills received, two had incorrect addresses, and three did not
correspond to the same period as the other bills. These bills were not considered
for benchmark calculation in this study. The utility bills were by far the most
difficult information to access. For some premises four or five visits were needed
before bills were provided. It was not clear whether the bills sent were deliberately
incorrect or whether it was a distraction/mistake. One reason for tenants not
providing water bills was that 28 of the tenants do not have access to them
because they are paid by the landlord. The exception in this precinct was one SE
business tenant that is a huge consumer of water and pays the water bill. To
compound the difficulty with obtaining water bills, most landlords consulted did
not provide them either, despite having access to them. This demonstrates that
participants were not comfortable providing utility bills. However, a report by the
EU suggests that this is a lack of awareness rather than reluctance (DG Energy
2014).
Table 5-8 details the utility bills provided by participants and, in some cases, their
unsuitability for use in the benchmarks, as explored in Chapter Four.
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Table 5-8 Utility bills provided and their usability for benchmarks.
Building Question Audit Elect
naire
ricity
RE-01
RE-02
RE-03
RE-04
RE-05
RE-06
RE-07
RE-08
OF-01
OF-02
OF-03
OF-04
OF-05
OF-06
HB-01
HB-02
HB-03
HB-04
HB-05
HB-06
HB-07
HB-08
FO-01
FO-02
FO-03
FO-04
FO-05
FO-06
FO-07
SE-01
SE-02
SE-03
SE-04
SE-05
SE-06

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Gas Water Notes on usability for
benchmarks

●
●

●
RE-02 - Electricity=10-02-17 to 1505-17 = off period

●
●
●
●
●
●
●

RE-05 - Water = 21-10-16 to 18-0117
●

●
●
●

●

●
●
●
●

●
●
●

●

●
●

●

●

HB-03 – Electricity (01-04-15 to 0107-15) Water (18-01-17 to 27-0417)
HB-04- Electricity. (46 days and
252.08kWh)

FO-05 - Electricity. (28-03-17 to 0307-17)
FO-06 - Electricity. (23-03-17 to 2307-17)
FO-06 - Gas (26-05-17 to 25-06-17)
SE-02 - Electricity =14-01-17 to 2703-17= extrapolated to match
period.
SE-02 -Gas=14-02-17 to 16-05-17
SE-02 - Water = 01-04-17 to 30-0617
SE-06 – Recently purchased
building. Owner is unsure about
business to start.

Table 5-9 summarises the information presented in detail in Table 5-8. In the next
section, benchmarks are presented by utility consumption.
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Table 5-9 Summary of the information contributed by business class
Business
class

Source of data about building use
Audits

Questionnaire

Electricity bills

Gas bill

Water bill

RE

8/8

8/8

5/8 *one off period

0/8

1/8

OF

6/6

6/6

5/6 *one off period

0/8

1/8

HB

8/8

6/8

3/8

0/8

1/8

FO

7/7

7/7

4/7 *two off period

3/7

1/7

SE

6/6

6/6

3/6

2/6

1/6

The FAIR principles for managing data (Wilkinson et al. 2016) should be adopted
when considering the potential use of the SCRB benchmarks.

5.3.2 Electricity benchmark
An electricity benchmark was established for each of the five business classes.
The RE class provided five bills from eight buildings, but the special conditions
with RE-06 and RE-07 buildings resulted in their elimination from the benchmark.
Building RE-02 provided a bill that was outside the period analysed. The
benchmark was therefore established with three samples.

Table 5-10

Electricity benchmark per quarter according to business class

Business class
EUI (kWh/m2/quarter)

RE
13

OF
16

HB
13

FO
93

SE
8

These numbers offer a comparison of consumption between classes. They could
be used to extrapolate to the non-participant buildings in this precinct, if the area
is known, in an attempt to establish consumption for the whole precinct.

5.3.3 Gas benchmark
It is difficult to estimate how many buildings in the precinct have natural gas
because its availability in the precinct is relatively new and, according to one
participant from the SE business class, it is expensive to have it installed. This
might be the reason why bottled gas is still used in some businesses and found
stored in others (Figure 5-39). Nevertheless, there are businesses that found it
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advantageous to use gas, either the bottled version (Figure 5-39) or natural gas
(Figure 5-40).

Figure 5-39 Bottled
gas in FO business
class.

Figure 5-40 Natural gas to industrial appliances in SE
business class.

With only five gas bills being provided out of 35 buildings in the sample, the
benchmark for gas could only be established for two sectors: food (FO) and
services (SE). The nature of the businesses in the SE class suggests that a more
detailed sub-division is needed to establish consistent and suitable benchmarks.
The benchmark for gas was established for FO with three businesses, and SE
with two businesses, as detailed in Table 5-11.

Table 5-11

Figures for gas consumption by business class

Business class
MJ/m2

RE
-

OF
-

HB
-

FO
5

SE
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5.3.4 Water benchmark
The SCRB is characterised by short term leases, which means the use of
buildings may vary considerably. For this reason, the water benchmark based
solely on the type of building is unlikely to fit the purpose of an initial study of the
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SCRB. It would be more feasible to base benchmarking on the kind of business,
rather than the kind of building.
The benchmark for water could not be established for any business class
because only one business from each class provided information about water
consumption. It is possible to say that businesses from RE and OF do not directly
depend on water to provide their services, and water is mostly used by staff
during working hours and not as part of the service provided. Six out of seven
retail premises are occupied by tenants, which should explain why they did not
provide water bills. The only owner-occupied building provided a water bill for RE.

Table 5-12
Figures for water consumption (only one representative of each
business class)
Business class
WUI
L/m2/quarterly

RE
14

OF
20

HB
310

FO
397

SE
2,761

Businesses from HB, FO and SE are typically water intensive (Table 5-12) and
depend on water to provide their service and products. However, water
consumption also depends on climate. For example, cool temperature cities such
as Melbourne or Canberra have an average consumption of approximately 700
L/m² while in a subtropical city such as Brisbane the average consumption is 1560
L/m² (Bannister 2012).
It is important for water benchmarks to include both macro and microscale
approaches. Water scarcity is raising concerns about water consumption in many
economic activities (Hoekstra 2104). In this research the types of businesses that
are likely to be more affected by water consumption and costs are FO, HB and
SE. The lack of access to water bills has already been mentioned. However, it
was identified that water consumption is not influenced by building age or size,
but by the type of end-use. Comparing water use by area is not a useful indicator.
In the case of HB, for instance, a more useful indicator would be litres per working
day or litres per client. In the OF class a better indicator would be litres per person,
which in this case is a staff member. These data provide the core from which a
comprehensive database of the SCRB, with further data collection, can be
structured.
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Table 5-13

Composition per use of the building stock in the precinct:

Business class

Estimated in
precinct

Recruited

Representativeness (%
Approx.)

RE
OF
HB
FO
SE

18
9
9
11
9

8
6
8
7
6

44
67
89
64
67

Table 5-13 is an approximation of the representativeness of the sample collected.
Considering that the requirements of building codes are the minimum standard
for a building to be approved, it is not a guarantee that a building will be efficient.
On the contrary, during their interviews experienced stakeholders such as Mel,
(Academic and former Surveyor) and Lou (Architect) stated that industry would
remain at a minimum mandatory standard.

5.3.5 Waste benchmark
The production of waste is considered there is a strong behavioural component
with this issue (Pan et al. 2017). Sometimes respondents show lack of
involvement and knowledge about the waste they produce, and this is an issue
that needs to be addressed. The intention of estimating the volume of waste
produced by business class did not achieve the response rate expected because
some participants did not know the size of their bins. To overcome this doubt,
some participants wrote the colour of the lid of the bin instead of its volume.
However, this was not helpful as it is possible to have different sized bins with the
same colour lid, and it is uncertain whether the bins are standardised. Therefore,
most of the information provided could not be used to calculate a valid value.
A common issue identified was inadequate or insufficient waste collection to meet
the needs of the occupants, which in many cases resulted in the tenant taking
business waste home (three occupants mentioned this) or disposing of it in public
bins on the footpath. Tenants also complained that waste collection was not part
of the lease and the landlord did not provide any bins for this purpose. These
complaints came from businesses in mixed use buildings. The annual fees for
non-domestic weekly waste collection are A$313.00 (for 80 litres), A$411.00 (for
120 litres) and A$677.00 (for 240 litres). Additional bins are not provided to a
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commercial building so in the case of need a licensed private service needs to be
arranged (Wollongong City Council 2019).
Responses from the questionnaire survey provided the characteristics of the
waste produced in the SCRB in this precinct, as detailed in Table 5-14.

Table 5-14 Type of waste by business class
Business Class

Type of waste generated in the building

RE

Waste taken home, food, general paper, cardboard.

OF

Paper, cardboard, confidential paper documents.

FO

Paper, meat, recyclables, plastic, cardboard, glass, food waste.

HB

Wax, wipes, coffee cups, toilet rolls, paper, grass, colour, hair.

SE

Timber, cardboard, recyclables.

Source: Questionnaire survey, compiled by the author.

The terms rubbish, waste, general waste and household rubbish mentioned in
the responses were not included in Table 5-14 because they do not really clarify
the type of waste generated. The use of these terms can indicate a lack of
concern or attention to waste characteristics and that respondents are not aware
of waste production as an environmental issue that impacts sustainability. Table
5-15 shows the frequency of use of terms in the responses. Thus, it does not
reflect the existence or lack of existence of the specific type of waste.

Table 5-15
Business
Class

OF
RE
HB
FO
SE

Most cited types of waste by business class

General Food
waste
scrap

x
xx

xx

Waste
from
Paper
personal
use

Card
board

Timber

Recyclable/
Compost
glass/
able
metal

xxx
xx
x

xxxxx
x

xx

xx

xx
xx

xx
x

x
x
xx
x

Take
waste
home

xxx
x
x

Source: Responses to questionnaire survey compiled by the author.
Though it was not possible to develop an accurate benchmark of the volume of
each type of waste produced in the study area, an application available on the
WCC website allowed the estimation of the weight of waste collected by
postcode, based on data from 2013-2014 (Wollongong City Council 2013b). The
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total amount of waste collected at Port Kembla in 2013 was 137,501 tonnes, of
which 27,898 tonnes were compostable and 21,072 tonnes were recyclable
material (Wollongong City Council 2013b). Note that this is for the postcode for
Port Kembla, which is 2505, which includes the main study area, but is for both
residential and non-residential waste collection.
Data referring to waste produced by specific business classes were produced in
the US by the National Solid Waste Management Association (National Solid
Waste Management Association 2013). Table 5-16 shows an extract of the
business classes relevant to this study.

Table 5-16 Type and weight of waste produced per day according to the building
type in the US.
Building use

Weight per …

Cafeterias

0.5 kg per meal served

Department stores/retail

41 kg per U$1,000 of sales

Discount stores
Fast food
Office
Restaurants

32 kg per U$1,000 of sales
91 kg per U$1,000 of sales
0.5 kg per 100 square feet
0.7 kg per meal served

Typical (noteworthy)
recyclables
34 kg corrugates per
U$1,000 of sales

Note 1: values in US dollars. Note 2: conversion adopted 1 lb as 0.454 Kg.
Source: National Solid Waste Management Association 2013.
The figures of the Australian context are not so detailed. The final assessment
report for the National Food Waste Baseline reported that in 2016-2017, 24% of
the food waste generated in Australia was in food manufacturing, while hospitality
and food services accounted for 4%, and the retail sector for 3% (Arcadis 2019).
In the OF business class, 94% of the total waste generated in offices can be
recycled Aliento (2016). Additionally, the case for waste in existing commercial
buildings is not limited to the waste produced by commercial operations. Where
there is a high turnover of tenants, it is common to have waste from the fit-outs
that are typically disposed of in landfill (Wilkinson 2014).
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5.4 Performance evaluation of the precinct: data integration
Methodological procedures developed in this research allowed for data collection,
analysis and discussion so there is now a deeper understanding of the dynamics
of this building sector with regards to upgrades.
The popularisation of the Internet in the second half of the 1990s, allowed places
to be connected in real time, which has impacts on different levels on the way
people work or buy. The fact that it is possible to work from home or to buy online
does not mean it is desirable or inevitable (Ratti and Claudel 2016). There is also
a range of possibilities such as ‘Click and Collect’ and delivery services that in
some ways have been changing the typical ways of working and buying in the
retail sector (Colliers International 2014).
Despite the increasing popularity of online shopping, people still need places to
buy things and meet other people (Colliers International 2014). The existence of
online-based businesses such as photography, handcraft and catering in
Wentworth Street is a symptom of this need. Most of these online-based
businesses could not be recruited to participate in this research, despite the
author’s efforts. Two possible situations can be inferred about the keeping of
these premises. The first one is that these businesses do not depend on the
physical building and they can operate from home or other places. If this is so,
there is no interest in investing in or improving the building. However, if they
maintain signage and contact numbers, this can be interpreted as needing a
street store either as a storage area or as a meeting point with customers by
appointment, or to provide visibility to a public that is not online. Thus, these
businesses probably have minimum operational costs that justifies keeping the
building without using it on a daily basis. As these businesses were not recruited,
there was no possibility of better understanding their motivations.
As discussed in Section 2.4.1.2, there many types of obsolescence – economic,
functional, technical and possibly sustainability - that are not necessarily related
to the building age or value (Wilkinson 2011; Reed and Warren-Myers 2010). One
indicator of obsolescence in this precinct, as well as the number of vacancies, is
the concentration of charity and not-for-profit institutions. Research about charity
retailers in the property market in the London CBD (Livingstone 2011) concluded
that landlords offer their premises at lower prices and shorter leases to avoid
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vacancies. In this precinct that there are four charity or not-for-profit institutions,
of which two are owner-occupied.
Another trend that has been increasing in the commercial sector is the sub-letting
of premises, as observed in Wentworth Street, Port Kembla and Kiama. This
practice is a solution to reduce rental costs while still keeping a physical store.
The overarching characteristics of the SCRB sector presented earlier in Table 46, were compared against other subsectors in the commercial sector using data
collected from the specialised literature.
Considering the typical uses of the buildings in the SCRB sector, as detailed in
Section 4.8.4, energy internal loads in residential buildings are certainly lower
than those in commercial premises in the study area. A comparison with same
age residential buildings (Daly et al. 2016) shows there are similar infiltration
losses, but the higher internal load from the commercial buildings resulting from
the many appliances and working schedule indicates that heat losses are higher
in the SCRB sector. This implies that more energy is wasted in the commercial
sector than in the residential sector for the same construction type.
The excessive availability of online information is prejudicial to the decision
making process due to the general lack of understanding about the reasons for
and benefits of upgrades (Taveres-Cachat et al. 2019). TV shows about
upgrading promote a trivialisation of upgrading actions in a market that is not
really prepared for upgrades as a business (Kelly 2010).
The importance of building performance increases according to the market
demand for better performing buildings (Sherry 2016). AEC professionals must
be qualified to advocate for sustainability in their services as occupants and
owners in this precinct have no general understanding of the potential benefits of
upgrades. The questionnaire responses revealed that tenants would rather move
to a less expensive building than invest in the building or pay more for rent, if the
owner pays for the upgrade. They are not creating demand for sustainable
upgrading, other than in isolated instances.
Evaluation of the performance of the building stock in this precinct is based on
the evaluation of the performance of individual buildings. Any evaluation must be
the result of a consistent and reliable assessment tool – consistent metrics and
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indicators that are comparable. The benchmarks and baselines for the studied
precinct are defined in Table 5-17.

Table 5-17

Summary of consumption by business class
Retail
(RE)

Offices
(OF)

Health and
Beauty
(HB)

Food
(FO)

Services
(SE)

13

16

13

93

28

Gas
(MJ/quart)

-

-

-

5

228

Water L/m2/quart

-

20

310

485

8

Electricity
kWh/m2/quart

Source: Author.
In order to link the benchmarks developed in this research with the total utility
consumption and waste generation of regional centres, Table 5-18 presents data
for Goulburn produced in the report Energy, Water & Waste Savings
Opportunities (26 May 2016) for the Goulburn Sustainable Business Program
(Rana Environmental 2016). The similarities with the study area, highlighted in
Table 4-1, allow the Goulburn data to be adopted as a reference for the results
achieved in the main study area. Likewise, the Wollongong City Council Footprint
Calculator (Wollongong City Council 2013b), provides data for 2011, 2012 and
2013 for the whole of 2505 (Port Kembla) area. Table 5-18 presents the annual
consumption data for the towns of Port Kembla and Goulburn.

Table 5-18 History of annual consumption for Port Kembla and Goulburn, NSW
Utility type

Annual consumption
Port Kembla, NSW

Goulburn, NSW

2011

2012

2013

2015-2016

Commercial Energy (MWh)

9,831

9,871

10,889

31,025

Water (kL)

-

-

-

44

Waste (m3)

-

-

-

286

Population

4,884

-

-

22,890

Sources: Rana Environmental 2016; Commonwealth of Australia; Wollongong
City Council 2013b.
In Table 5-18, the different period of time between data from Port Kembla (20112013) and Goulburn (2015-2016) should be taken into consideration. Also, data
presented from Goulburn are consolidated and refer to the non-residential sector,
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which might include some industrial activities and education and health care.
Thus, the comparison should be undertaken with caution. Population figures
represent different periods in time. When comparing the population of Goulburn
in 2015-2016 it is almost five times the population of Port Kembla in 2011. When
comparing the commercial energy consumption divided by the population of both
examples, Port Kembla is more energy intense than Goulburn. However, the
small sample size in the study is not enough to extrapolate the results achieved
in a wider area such as Goulburn. With regards to Port Kembla, continuous
commissioning of commercial buildings in wider Port Kembla might result in
comparable results in the future. However, the data in Table 5-18 gives some
idea of consumption levels in these two localities.

5.5 Drivers to retrofits
Upgrading is considered a strategy to improve the quality of the built environment,
rather than demolition (Bruce et al. 2015; Bullen and Love 2011a). Benefits for all
stakeholders can include:
o For the landlord: better tenant retention, fewer tenant complaints, adding
value to the reputation of the building as upgraded regional stock;
o For the tenant: reduced operation costs, improved wellbeing and health.
o For AEC professionals: creation of demand for jobs.
o For the public administration: better performing building stock.
o For investors: Reduction of costs - retrofits typically cost 66% of the cost
of a new building, although this can be more if the original building contains
deleterious materials (Wilkinson 2012).
However, the investment in sustainability must make financial sense for an
upgrade to be viable (Bullen and Love 2011a). With all the potential benefits
accruing across the stakeholders, it would be expected that more buildings would
undergo upgrades, but if that expectation is not being realised in the corporate
CBD-based building sector, and the scenario in the SCRB sector is no different.
The stringency of regulations for new buildings, which was mentioned by a
practitioner (Lou, Architect) during the interview in the exploratory research, was
discussed in Chapter Two. More stringent requirements can be one of the drivers
236

for upgrading, and while this might be true for larger buildings and the residential
sector, it does not seem to be a driver in the SCRB sector where building
performance is not perceived as a component of the business profit. A different
situation is perceived by big companies, which move to smaller cities. Commonly,
they seek more attractive lease conditions that allow, among other advantages,
a reduction in running costs and therefore increase profit (Livingstone 2011).
Despite a large number of studies highlighting the importance of social
sustainability, there are comparatively few studies of the topic itself. Zuo and
Zhao 2014 critically reviewed the body of knowledge related to sustainable
buildings worldwide. In this study, social sustainability included the Corporate
Social Responsibility (CSR) performance of construction contractors, both at
project level and company level, as a strategy that might allow companies to
increase market value, achieve social sustainability by enhancing the quality of
life and the occupational health and safety of their employees, and augment
professional opportunities (Zuo and Zhao 2014). However, this research
identifies that the SCRB sector does not have the same operational structure
present in most of the high-rise buildings in the CBDs. Therefore, CSR is not
something in practice among the businesses in the SCRB sector. This study (Zuo
and Zhao 2014) also identified other indicators related to social sustainability
assessment in sustainable building research, such as level of awareness of
sustainability

issues;

sustainability

education

initiatives,

stakeholder

engagement; wellbeing and comfort of occupants; accessibility to public facilities;
access for people with disability; and security. These indicators or criteria can be
adapted to fit the business in the SCRB sector needs.

5.5.1 Driver 1 - Corporate Social Responsibility
The typical profile of occupation in the main study area is of small and medium
businesses commonly run by a sole business person or a family. However, it has
to be noted that this precinct is located adjacent to a major sea port, where large
commercial and shipping companies may set up offices in this area. This could
mean that corporate social responsibility goals, which drive sustainability in the
corporate building sector (Zuo and Zhao 2014), might also influence sustainability
practices in this area.
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5.5.2 Driver 2 – Disclosure of performance
The disclosure of energy efficiency is mandatory to buildings in Australia that are
larger than 1,000 m2, and thus does not apply to the typical buildings in this study.
However, it is possible that a regional centre such as Port Kembla or Goulburn
may host a branch from a corporate organisation that has an internal policy of
disclosing building performance. In such a case, disclosure of energy
performance as a voluntary act would work as a driver to retrofit even to buildings
smaller than 1,000 m2.

5.5.3 Driver 3 – Vacancy due to obsolescence
After long periods of vacancy, building owners feel the need to make
improvements to make the property more attractive to tenants. Empty buildings
are ideal to be retrofitted, as there is no disturbance to occupants. As explained
in Section 2.4.1.2 on page 39, building obsolescence – economic, functional and
technical - is a matter of lack of value of use. Therefore a qualified AEC
professional can provide guidance about sustainability strategies to retrofit the
property, taking into consideration the resources available in each situation.

5.5.4 Driver 4 – Tenant turnover opportunity
Even if the building is not obsolete, but has a potential to improve performance,
the period in between leases is a good opportunity for the owner to implement
performance improvements and get a better deal in future leases.

5.5.5 Driver 5 - Financial incentives or funding
Complaints about the lack of incentives from the public administration were
identified in the interviews and questionnaires, both by tenants and building
owners. However, the research also identified a number of programs and
incentives for retrofits of commercial buildings. These programs are offered by
councils or not-for-profit organisations to certain building types and locations. The
efficacy of the diffusion of these programs was not verified by this research, so it
cannot be concluded that the participants were not aware of them or did not
understand that they were eligible to take part in them.
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5.6 Barriers to retrofit
The list of barriers presented in the questionnaire was based on the review of the
specialised literature. This literature is known to be focused on high-rise office
buildings. However, it was considered that the constraints may be similar for the
SCRB sector, with some variation. This section explains what was extracted from
the data collected.

5.6.1 Barrier 1 - Split incentive
The most challenging barrier to retrofit is the ‘split-incentive’ (Axon et al. 2012;
Granell et al. 2017), where building owners make the investment, while the
tenants benefit from the operational savings resulting from the investment. In this
precinct, two agreements were identified between landlords and tenants. In the
first one, the landlord waived the rental of a derelict building for a year for an FO
business, so the tenant could adapt the whole building to their business needs.
In the second one, the landlord of recently adapted premises waived the rental
for six months so the tenant, a RE business, could settle in. These agreements
are informal and they were made at the beginning of the lease, probably to make
the rental more attractive since the vacancy rate in the precinct is high. The
improvements made in these premises did not focus on the efficiency of the
building, they only made it sufficiently viable to launch the business. Agreements
that last longer than the first year and that contemplate sustainability and
performance aspects should be sought to overcome this split incentive barrier
and allow for tenant investment.

5.6.2 Barrier 2 – Lack of accessible and reliable information for
decision-making
In many existing buildings, incomplete, obsolete or fragmented information is
typical (Volk, Stengel, and Schultmann 2014). The UK Department of Energy and
Climate Change (DECC) identified the lack of meaningful and actionable
information as a key barrier to energy management or cost-effective investment
(Cohen and Bordass 2015); Bruce et al. (2015).
The analysis of the questionnaire survey and interviews (e.g. Kat, Building
Owner, 2017) identified that the Internet is the primary source of information for
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owners willing to upgrade. The questionnaires also revealed that AEC
professionals are not appointed to assist in the decision to upgrade because of
perceptions that the high cost of professional fees does not provide value for
money or return on investment during the payback periods (Lou, Architect, 2015).

5.6.3 Barrier 3 – Upfront costs and funding
Owners and tenants reported a lack of incentive to upgrade from the local council.
It is difficult to obtain funding from banks to upgrade commercial buildings
because of the financial risks involved (Woo and Menassa 2014). One example
is the many awnings that need fixing in this precinct. Tenants expect owners to
maintain those parts of the building or premises they are renting, while owners
expect the public administration to provide funding to make upgrades viable
(Kumbaroğlu and Madlener 2012).
While opportunities exist with programs such as the Port Kembla Town Centre
Façade Program and the NSW/OEH Energy, Water & Waste Savings, funding is
limited and typically requires matched funding from the owner or tenant.
Moreover, these programs must ensure that the benefits of the funded projects
extend to the broader community; for instance, the incentive for upgrading
façades is beneficial for the building owner, the tenant and also good for the
population that gains a renewed public space with a revitalised façade.
Additionally, the slowing and reduction of GHG emissions might benefit the whole
of society.
Potential sustainability measures can be applied inside the premises and on the
building envelope. There is a large number of sustainability measures that can
be implemented without the process of gaining council permission. Measures
such as internal blinds, changes of the lighting system and cross ventilation are
just a few of the possible measures (McGee 2013; Mosher, McGee, and Clarke
2013; Reardon 2013; McGee and Reardon 2013).

5.6.4 Barrier 4 – Absence of a suitable benchmark to measure the
performance of the SCRB sector
Sustainability schemes usually target users with a technical background. It was
evident during the engagement with participants that they compare energy and
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water bills among themselves. While this characterises an informal benchmark
across buildings, this comparison is made on the basis of friendship and affinity
rather than the end-use of business needs. It is also evidence that they want to
know how much they consume so there is a demand for benchmarks. A
benchmark that can compare performance would encourage people to engage in
upgrades. There is a possibility that with the intensification of upgrade practice,
a set of benchmarks for this sub-sector, like the one proposed in this research, is
of even greater benefit and becomes more widely used.

5.6.5 Barrier 5 – Absence of a suitable metric to express the
performance of buildings in the SCRB sector
The establishment of suitable metrics of building performance is a challenge to
be overcome (Deru, Blair, and Torcellini 2005). The floor area is not a good
variable per se as it is not a useful performance indicator. For example, a
business without a serving area, such as takeaway food outlets or smaller coffee
shops, might appear to be highly energy intensive because they have a smaller
area across which to apportion energy consumption, but the processes involved
in the preparation of its products are much like a business that has a serving area.
Smaller businesses therefore appear more intense in utility consumption. An
alternative to this might be linking the consumption of energy or water to a unit of
production, such as the one suggested by ASHRAE (2012), as explained in
Section 2.7.2.
For instance, in the case of coffee shops, this could be one serving of coffee, so
if the business owners know how much is spent on preparing one serving of
coffee, this can be the unit of performance for the building. At the end of the month
the energy consumption can be converted into the number of coffees. This makes
it easier for business people to grasp the correlation between the product they
sell and the energy they spend to produce it; the same can be done for water and
gas.
Changes in the metrics of business performance regarding utility consumption
would require AEC professionals to focus on designing solutions to
accommodate these processes inside the building. In this regard, a building
would be more or less appropriate to accommodate a specific commercial
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activity, according to the extent of adaptation work it needs for that business
class.

5.6.6 Barrier 6 - Cost of removing asbestos
One of the barriers that appeared during engagement with participants was the
high cost of removing asbestos, which prevents them from upgrading, for
instance, the roof system. Figure 5-41 shows guttering and asbestos sheet
roofing on a building in the main study area. The removal of these components
requires a license and the engagement of a specialised removal company. This
process poses an additional cost to the retrofit, which often makes it financially
unviable.

Figure 5-41

Building guttering and asbestos sheet roofing.

Source: Author.
Asbestos is a problematic material which was intensively used in the past as
building and insulation material due to its very low costs (Bruce et al. 2015).
Asbestos has been banned in 55 countries but not in Brazil, Canada China, India,
Russia and the US (International Ban Asbestos Secretariat 2019). The link
between asbestos and chronic and fatal diseases such as asbestosis,
mesothelioma and lung cancer (Wollongong City Council 2009a), resulted in the
suspension of mining of asbestos in 1983. However, the use and manufacture of
asbestos were only suspended in December 2003 (Calver and Rea 2014).
Asbestos removal is one of the most expensive services in an upgrade and it
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sometimes makes it economically unfeasible because it is difficult for small
businesses to absorb the costs. Local councils that are willing to incentivise
retrofitting through programs such as façade grants should consider the inclusion
of asbestos removal as part of the total value offered on properties that have the
potential to upgrade. At first, it can seem as expensive for councils as it is for a
business. However, councils might have instruments to negotiate multiple
removals in the same area. Asbestos removal, as an environmental issue,
identified by (Bruce et al. 2015) as the major physical barrier to retrofitting, might
be a better investment of public money than signage or air conditioner relocation
on commercial facades, which have been funded through façade grants in many
councils. The decision on what is the best outcome for the whole community and
what is an equitable use of public resources relies not only on the council’s level
of awareness of environmental issues, but also on its level of awareness of the
needs of the local population.

5.6.7 Barrier 7 – Multi-tenanted buildings
Many tenancies in one building make it more difficult to implement retrofit. First,
because it is more difficult to collect data about each tenancy, as was the case
with Brandywine Realty Trust in a commercial building in the US (United States
Department of Energy 2012). Second, because of the extent of the retrofit and
the schedule of the work to be done. Otherwise, the owner has to wait until all the
premises are vacant before major work can be done. Multiple tenancies in a
building are more difficult to manage than a single business in a building because
multiple occupations have different needs. This is an extra barrier when trying to
sum up the effort to incentivise upgrades.
The Brandywine Realty Trust company overcome the multi-tenancy barrier by
including a clause in its standard leases that allows it to pass the capital costs of
efficiency improvements on to tenants; and another clause that requires tenants
to either submit monthly utility data or allow the installation of sub-meters in tenant
areas if the company is not receiving such data United States Department of
Energy (2012). Thus, tenants agree beforehand to sharing their data and to future
retrofits being included in their costs, which facilitates the management of the
building. In the SCRB sector, one possible solution is that if all tenants in a
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building are willing to retain their leases, they can propose a joint upgrading plan
to the landlord.

5.6.8 Barrier 8 – Quarterly energy bills
Occupants often do not have access to sensors and meters to monitor energy
consumption. With water consumption for example, the sight of water coming out
of the tap is an intuitive indicator, but there is no affordable precise way it can be
measured. Similarly, energy cannot be seen, so the most accessible measure is
the data in the electricity bill. Energy retailers in Australia distribute energy bills 4
times a year, which means that energy consumers take roughly three months to
receive feedback on their energy use in the most recent months. The longest
period of billing identified among the bills received was 103 days (Levine et al.
2007; Levermore 2008).
The UK has a comprehensive smart metering program where the meter is linked
to the billing company which will allow regular and accurate meter reading
(Levermore 2008). In Australia, the triggers for installing a smart meter are
established by the Australian Department of Environment and Energy
(Commonwealth of Australia 2019), who also determine that the energy retailer
is responsible for their installation. These new rules have been in force since
December 2017 in all states and territories except Victoria, where smart meters
are already installed in all premises.
There are non-energy benefits for changing behaviour as an energy efficiency
measure (Cohen and Bordass 2015), and it is not only the energy consumers’
responsibility to take action. Appreciation of these benefits would be more
widespread if energy companies could bill for shorter periods of time, say 30
days. Moreover, a monthly payment would be one third of the standard quarterly
bill so it is reasonable to assume that consumers who had spent more than
expected would tend to find ways to reduce their consumption. Commonly,
models in simulations are adjusted to the billing period (Wang, Yan, and Xiao
2012). A monthly invoice billing system would be a strategy to reduce energy
consumption because it is based on improved access to information.
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5.6.9 Barrier 9 – Lack of understanding of building functionalities
Occupants often do not have a clear idea about how buildings should be used
(Dan and Pam, Fire Brigade Officers, 2017). There is also a low level of
understanding about energy issues (Janda 2011), and poor system functioning,
which lead to wasted energy (Palmer, Terry, and Armitage 2016).
This is evidenced by the fixed windows that do not allow cross ventilation and
lighting systems that enhance store decoration rather than focus on the task at
hand. One suggestion is the inclusion of building functionalities and building
physics in high-schools, as in the work of Janda (2011).
Finally, the order of presentation of these barriers does not represent their
importance nor is it a rank of occurrence. As discussed throughout this thesis, the
SCRB sector demands attention. It is well recalled by Dixon (2014) that the
elimination of one barrier does not automatically ensure that upgrades will occur,
so he suggests that the correlation between barriers should be considered. The
multi-faceted reality of the SCRB sector presented in this characterisation implies
that a single solution to incentivise the uptake of upgrades is not enough.

5.7 The potential to undergo a retrofit (or pre-retrofit question marks)
The reasons commonly reported by owners for not retrofitting their buildings often
reside in the costs (Bruce et al. 2015), but other barriers such as those presented
and explained in Section 5.6 need to be considered in relation to particular subsectors. While there is no specific information on the rationale for undergoing
upgrades in the SCRB sector, interviews with real estate agents (Gus 2015 and
Joe 2015) revealed that owners in this sector are reluctant to retrofit their
buildings and they will pay for superficial interventions only in the case of extreme
need. Typically, buildings in the SCRB sector are only repaired when a
component or system fails, so an emergency repair is needed to guarantee
serviceability. Without appropriate maintenance, deterioration and obsolescence
can halve a building’s capital value 20 years after construction (Wilkinson 2014).
Unlike routine maintenance, building upgrades have a broader scope because
they provide the building with more recent and efficient technology than was
available at the time of construction. The role of facility manager (FM), who is the
professional responsible for managing systems and keeping records to provide
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data to support decisions related to upgrading, is common in the mainstream
commercial buildings of capital cities; often, however, this role is not present in
SCRBs. In the absence of an FM, the business owner is the one who takes the
decision. Common questions among building owners or tenants are: ‘when to
upgrade?’ and ‘to what extent to upgrade?’ While the typical response in this
situation is doing nothing, one can also choose to demolish and reconstruct or to
retrofit or to make some improvements. Figure 5-42 illustrates these options.

Figure 5-42

Rationale for upgrades in the commercial building sector

To address some of these questions, a checklist was developed during this
research to assist owners and tenants in identifying aspects that can potentially
improve building performance and indicate its potential to undergo retrofit. The
application of the checklist is presented in Section 5.7.1.
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5.7.1 The checklist applied
Influenced by studies such as the Energy Auditor Checklist (2003) and the
checklist for stakeholders assessing the sustainability performance of
construction projects during the whole life cycle (Shen et al. 2007), this checklist
is a simplified and adapted version. While both previous studies provided
comprehensive and long checklists, this research has highlighted that occupants
in the SCRB sector are unlikely to engage with a long list of questions. Therefore,
the proposed checklist was kept to a minimum number of questions, which aim
to create awareness about the design and functionality of the building. The
checklist aims to support a better understanding of the functionalities of the
building and its potential, and to encourage the search for more information and
the use of qualified professionals. The checklist also guided the feedback
provided to the participants of this research to recognise the importance of their
participation. Feedback to stakeholders is a powerful tool to achieve and maintain
sustainability and EE (Ahmad et al. 2016; Fedoruk et al. 2015).
The checklist is not intended as a substitute for consultation with a qualified AEC
professional, because the checklist alone will not provide answers. However, by
providing guidance on how to look for the functionalities of the building, the
intention is to create awareness of possibilities, so owners or tenants might seek
qualified professional assistance. They would be encouraged to seek detailed
information about the possibility of improving performance at many levels and
costs. By providing this guidance, the checklist draws a boundary between the
interventions that can possibly improve the performance of the buildings from
those that are only based on cosmetic/aesthetic improvements. A potential
benefit derived from this tool is to create awareness among occupants,
demonstrate and make them understand that even the smallest changes in daily
practice such as re-arranging the layout, or changing to a more efficient bulb, can
bring more benefit than they would suspect. For instance, efficient lighting can
reduce energy costs by 30-40% (Dixon 2014), recycling waste and water can
reduce energy costs in retail by more than 40% (Dixon 2014).
To understand the functionalities of the building, the checklist should be locally
contextualised. For instance, Port Kembla is in Climate Zone 5, characterised by
a warm temperate climate, with a moderate diurnal temperature range, mild winds
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with low humidity, and hot to very hot summers (Reardon and Downton 2013).
These characteristics call for a passive design to minimise heating and cooling
energy use (Reardon and Downton 2013) as detailed in the next section.
One of the key principles for reducing external heat gain is to avoid solar radiation
on glazed areas. In the context of Port Kembla, this is especially relevant to the
NE façades. Another suggestion is to use the roof space as a buffer zone by
ventilating it during the summer and sealing it during the winter (Reardon and
Downton 2013). A passive house design can be applied to all types of buildings.
However, when applied to an existing building, the results will largely depend on
the existing structures. This is why a qualified professional is needed to assist
with the analysis before a decision is made.
There are no right or wrong answers to the checklist, as the aim is to create
awareness and make people more inquisitive about the functionalities of the
building they occupy. For instance, the question ‘Are windows openable?’ could
prompt a tenant to consider the reason why a particular window is not openable.
For example, if a window has been fixed as a security measure, as it seems to
be the case in Figure 5-3, it could be that the occupant did not link the
performance of the building to the functionality of the window. After the checklist
exercise, they can think of alternatives that resolve both issues - security and
natural ventilation. They may consider that protecting the building against
intrusion is a priority over natural ventilation. This might be true in this context.
There are occupants that simply do not think about the building’s functionalities.
For example, they do not consider questions such as: ‘What happens when the
sunlight hits the glazing on the façade? How does this relate to my energy bill?’
Sometimes the solution will be straightforward, such as replacing the defective
awning so it can prevent solar radiation from reaching the window, which would
result in heating the interior of the building and demanding more energy to
maintain comfort levels. Table 5-19 shows the Building Upgrade Potential
Evaluation Checklist (BUPEC), developed within the context of this research to
be used by the occupant as a thinking tool rather than for compliance.
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Table 5-19
The checklist or self-assessment BUPEC to create awareness of
building potentialities to retrofit.
Aspect/Component evaluated

Yes No

Unknown

1.1 Envelope – Roof
1.1.1 Is there insulation in the roof/ceiling?
1.1.2 Do adjacent buildings shade the roof?
1.2 Envelope - External Walls
1.2.1 Do external walls present cracks or holes?
1.2.2 Are external walls insulated?
1.2.3 Is the façade attractive and does it communicate the business purpose?
1.3 Envelope – Openings
1.3.1 Does the location of the windows facilitate cross ventilation?
1.3.2 Are windows openable?
1.3.3 Do glazed surfaces receive direct solar radiation?
1.3.4 Are glazed surfaces shaded from the summer sun?
1.3.5 Does shading allow access for winter sun?
2.1 Service systems - HVAC
2.1.1 Is there a cooling/heating device for each room or activity?
2.1.2 Are different activity zones enclosed to allow the control of thermal adequacy?
2.1.3 Can the heating / cooling devices be controlled as needed?
2.2 Service systems - Lighting
2.2.1 Is natural lighting controllable according to needs?
2.2.2 Is artificial lighting controllable according to needs?
2.3 Service systems - Water
2.3.1 Are water-saving devices installed?
2.3.2 Does the building harvest rainwater?
2.3.3 Is there local sewage treatment?
3 Occupant behaviour and business needs
3.1 Do people feel comfortable inside the buildings / premises?
3.2 Do business practices optimise the use of energy and water?
3.3 Is there a waste classification / separation before collection?
3.4 Is there waste to be composted / upcycled / recycled?

Source: Author.
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The four last questions are more directly related to the business practices and
habits of the occupants rather than to the physical building. However, these
aspects are important to the overall building performance.
The diagram in Figure 5-43 shows the filters that were considered to select the
appropriate sustainability measures to each of the premises. According to this
figure, from the set of all retrofit solutions known (state of the art) and available
for commercialisation, the first filter refers to the feasibility of a measure. For
example, skylights cannot be recommended for premises on the ground floor of
a two-storey building, therefore it is discarded. The second filter relates to what
is allowed by local legislation requirements. For instance, the use of earth as a
building material or construction technique can increase the thermal mass of
external walls, resulting in improved indoor thermal comfort. However, there are
places and situations when the use of earthen techniques are not to be allowed,
thus, these techniques or materials are not adequate for this specific case and
have to be removed from consideration. The third filter concerns the financial
resources to implement the recommended measure. This research has
previously highlighted this aspect as one of the main barriers to implementing
retrofits. For this reason the recommended measures were mostly low cost or no
cost to implement.
After applying these filters, at least three measures were indicated to each
participant. The number of measures varied according to the needs of each
building. Some of the buildings in this study have been recently retrofitted, which
reduced the number of measures appropriate to a specific case.
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Figure 5-43

Filters for the selection of sustainability measures.

Source: Author.

5.7.2 Sustainability measures: recommendations for a real
building
During recruitment, participants were offered the opportunity of receiving a
tailored set of measures to improve the environmental sustainability of the
premises they occupy. They were also asked, as in the last question of the
questionnaire survey, to provide a contact if they would like to be recontacted
later on in the study. After the analysis of the data collected during the study, all
participants received a letter, via normal post, with recommendations of
sustainability measures that best fit the premises they occupy.
Recommendations sent to the participants were not intended as a formal
validation, although they were intended to make a small contribution to the
participants in the project, as agreed during recruitment. Most participants
received at least three sustainability measures according to the characteristics of
the building and the results of data analysis. A de-identified example of this
message is provided in Appendix C.
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These recommendations were supported by reflection on relevant questions in
the checklist proposed in Table 5-19 and combined with the application of the
filters in Figure 5-43. The type of building and business carried out in the building
indicates, along with the results from the tool, which sustainability measures best
fit each case. The selection of the measures recommended also took into
consideration the social and economic aspects of the occupants and businesses
as a means to increase the feasibility and implementation. Small businesses
commonly struggle to manage on a restricted budget, therefore there was a focus
on the no-cost and low–cost, but still effective, sustainability measures. This was
influenced by the responses from participants, who indicated as barriers to retrofit
the upfront costs and the lack of incentives from the government.

Figure 5-44
Residential building in Fairy Meadow, Wollongong, with external
shading installed. Source: Author.

Figure 5-44 shows a shading system that was probably installed by the occupant
as a do-it-yourself sustainability measure to reduce solar heat gains through the
windows. Other examples of no-cost measures include reorganizing the
furniture/layout to improve natural lighting; or opening the windows to facilitate
cross ventilation. Examples of low-cost sustainability measures are changing
incandescent lighting bulbs to LED lighting and sealing shop windows to avoid
thermal load losses. A collection of the sustainability measures recommended to
the participants is listed in Appendix C.
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5.7.2.1 Case study: application of the checklist
The checklist aims to make occupants think about the functionalities of the
building and the potential opportunities to improve it. Using lay language, it
attempts to bring to light the potentialities behind the building physics, and
facilitate the identification of the building retrofit potential. Thus, the occupant is
lead in the direction of decision making and action in the upgrade process. The
checklist questions are grouped in sections according to the potential areas for
an upgrade.
To provide an example, the checklist was applied to one of the buildings in this
research, in which a retail business operates. These ground floor premises, in a
mixed-use two-storey building, occupy an area of approximately 45 m2, as shown
in Figure 5-45.
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Openings (m)
Internal doors = .70
Access door = 1.0
Window = .60 x 1.80 x 1.20
Room

Area (m2)

Sales

31

Circulation

6.5

Storage

3.0

Kitchen

3.5

WC

.90

Figure 5-45
Sketch of the floor plan of the building during the walkthrough.
All dimensions in metres.

Figure 5-46 shows how solar radiation enters the building, which has no external
awning. Figure 5-47 shows the artificial lighting comprised of compact fluorescent
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bulbs. Both situations can be optimised with easy-to-implement measures and
low investment.

Figure 5-46
View
from inside to main
façade.

Figure 5-47

Artificial lighting in the sales area.

Figure 5-48 illustrates some of the electrical devices in use in this business.
Besides the commonly found equipment such as tablet and TV, there is also
electrical equipment to carry out minor repairs.

Figure 5-48
TV and drill.

Examples of electrical appliances found in the store: tablet,

The internal toilet, probably an addition to the original building, has no natural
lighting or ventilation (Figure 5-49). The internal partitions do not extend up to the
ceiling (Figure 5-50), which is not a problem to the cooling loads, since the
premises have no air conditioning system. There is a curtain installed in the place
of the door, which allows privacy and natural cross ventilation simultaneously, as
there is an openable window a few metres behind the curtain.
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Figure 5-49 Internal toilet.

Figure 5-50 Internal partitions.

The application of the checklist to the premises, shown in Figures 5-45 to 5-50,
resulted in the completed checklist presented in Table 5-20.
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Table 5-20

Completed BUPEC as applied to the case study building.

Aspect/Component evaluated

Yes

No

Unknown

1.1 Envelope – Roof
1.1.1 Is there insulation in the roof/ceiling?
1.1.2 Do adjacent buildings shade the roof?

X
X

1.2 Envelope - External Walls
1.2.1 Do external walls present cracks or holes?

X

1.2.2 Are external walls insulated?
1.2.3 Is the façade attractive and does it communicate the business purpose?

X
X

1.3 Envelope – Openings
1.3.1 Does the location of the windows facilitate cross ventilation?

X

1.3.2 Are windows openable?

X

1.3.3 Do glazed surfaces receive direct solar radiation?

X

1.3.4 Are glazed surfaces shaded from the summer sun?
1.3.5 Does shading allow access for winter sun?

X
X

2.1 Service Systems – HVAC
2.1.1 Is there a cooling/heating device for each room or activity?

X

2.1.2 Are different activity zones enclosed to allow thermal adequacy?

X

2.1.3 Can the heating / cooling devices be controlled as needed?

X

2.2 Service systems – Lighting
2.2.1 Is natural lighting controllable according to needs?
2.2.2 Is artificial lighting controllable according to needs?

X
X

2.3 Service systems – Water
2.3.1 Are water-saving devices installed?

X

2.3.2 Does the building harvest rainwater?

X

2.3.3 Is there local sewage treatment?

X

3 Occupant behaviour and business needs
3.1 Do people feel comfortable inside the buildings/premises?

X

3.2 Do business practices optimise the use of energy and water?

X

3.3 Is there a waste separation before collection?

X

3.4 Is there waste to be composted, upcycled or recycled?

X
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5.7.2.2 Insights provided by the checklist
The premises adopted as an example of the application of the checklist is in the
ground floor of a two-storey building, so the section on the roof (Section 1.1 of
BUPEC) is not directly applicable. The next element to be checked is the external
walls (Section 1.2 of BUPEC). The terraced buildings in this precinct have the
rear and the front façades as opportunities for potential improvement. However,
front façades are commonly upgraded due to their visibility and marketing role to
attract customers. It is natural from the point of view of business people that a
façade should receive more investment in improvements. External walls can have
their performance improved by installing internal insulation; repairing any cracks
or undesired openings or draught-stripping the openings to improve the
airtightness. Improvements to the installed systems can range from the cleaning
of air conditioning ducts to the installation of heat recovery ventilation systems.
The analysis of the openings in these premises (Section 1.3 of BUPEC) identified
a good natural cross ventilation, which is preserved by the installation of a curtain
to maintain privacy when it is needed. A change in the front window configuration
was suggested during the winter. The installation of a retractable awning can
improve thermal comfort during the summer by providing shading over glazed
areas.
Section 2.1 of the BUPEC refers to the HVAC. This store has no air conditioning
and it relies on portable fans and cross ventilation to keep it comfortable during
the summer. Because there is no awning and it has a NE façade, solar radiation
enters the premises resulting in passive heat gain. The lighting system analysed
in Section 2.2 of BUPEC identified that there is only one switch to control all the
lights in the sales area. A subdivision of the controls that separate the lighting
points that are closer to the front windows would allow the occupants to turn off
artificial lights when the natural light levels are adequate.
The water system, analysed in Section 2.3 of BUPEC, identified that there are no
water saving devices, rainwater collection or on-site sewage treatment.
Sustainability measures to address these issues are highly dependent on the
construction, except the installation of aerators on the water taps, which was
recommended.
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Section 3 of the BUPEC addresses the habits of the occupants and the business
needs. Changes of habit or behaviour as sustainability measures to address
these issues are perhaps the lowest in cost, however, they could be the most
difficult to implement. Besides being low cost or even no-cost changes of habit
are very difficult to implement because it is difficult to change behaviour (Lally
and Gardner 2013). Habits such as turning off the lights of a room when not in
use; opening the windows to allow cross ventilation when the weather is not too
hot; and avoiding generating too much waste paper require effort and time to
successfully implement.
The checklist formulated questions for each of the three aspects of the buildings
- envelope, systems and occupants’ behaviour and business needs. New
questions can be later introduced according to the level of engagement and
awareness of the occupants.

5.7.2.3 Feedback regarding the recommendations
Eight months after the recommendations were sent, a new survey was sent to
the participants. The intention was to follow up participants’ actions towards
retrofits to gain better knowledge about the actions of the occupants after
receiving high-level recommendations about potential measures to improve the
performance of their buildings. The second survey was sent only for those who
agreed (21) to be contacted further in the research and who provided an email
address or mobile number for the purpose. Those who agreed to be contacted
but only provided a landline number (3) were not included in this survey, as
explained below. A message was sent to the participants with a link to the online
survey platform Qualtrics (Qualtrics 2019), along with the file they had received
earlier (September 2018) containing the sustainability recommendations for their
individual building. (The recommendations were re-sent to facilitate responses.)
A web-based survey was used for flexibility, speed, convenience and ease of
data entry (Hoxha, Haugen, and Bjorberg 2017). Moreover, the proliferation of
mobile phone use in all sectors of life means the approach via mobile was
convenient to both the researcher and the participants, and therefore likely to
facilitate a high response rate. An image of the electronic survey screens is
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available in Appendix C. The list of businesses that agreed to be contacted further
in the research is in Table 5-21.
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Table 5-21 Participants in the second survey according to the preferred
communication channel provided. Source: Author.
Business code
RE-02
RE-03
RE-04
RE-05
RE-06
RE-08
OF-01
OF-02
OF-03
OF-05
OF-06
HB-01
HB-04
HB-06
FO-01
FO-03
FO-04
FO-06
FO-07
SE-01
SE-02
SE-03
SE-05
SE-06
Total
Total contacted

Preferred communication channel
Landline
Mobile
E-mail
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
3
5
16
21

From the 43 participants in both study areas in this research, 20 agreed to be
contacted later in the study. From these 20, eleven provided an email and 9
preferred to be contacted via mobile. Four of the businesses in Table 5-21 have
ceased operating from these buildings since they were last contacted by the
author. Other businesses in this precinct that were not recruited in this research
have also closed their doors since fieldwork was carried out.
Participants were given 10 days to respond to the survey and a reminder was
sent 3 days before the expiry date. Of the 20 participants recontacted, one
completed the electronic survey, and two contacted the author reporting that they
did not receive the recommendations sent earlier. An apology was sent in
response, also informing them that the recommendations were attached to the
follow-up message which would allow them to answer the survey if they were
willing to. However, neither has answered the second survey.
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Table 5-22 shows the answers received on 6 April 2019 from the participant who
did complete the second survey.

Table 5-22

Answers received from the second survey

Question

Answer

Q1- Name

De-identified.

Q2- Building number

De-identified.

Q3 – Have you implemented any of the recommendations we No.
provided to you?
Q4 – Please
implemented.

list

the

recommendations

you

have N/A

Q5 – Please choose the options that best match the reasons Upfront costs and lack
you have not upgraded your premises.
of time to plan.
Q6 - How did the feedback provided by this study influence
your decision?

A very good influence.

Q7 – Do you intend, in the near future, to upgrade your No.
building?
Q8 – Which part of the building do you intend to upgrade?

No answer.

Q9 – In your opinion, how could the feedback and It gave me food for
recommendations provided to you have been more useful?
thought.

Source: Author.
Despite the fact that the second survey had only one respondent, the participants’
reaction to it can provide some insights. The aim of the survey was to know what
had been done with the recommendations provided. Analysis of the results
indicates that at least three people received the message about the second
survey, but only one answered.
Bordass and Leaman report that face-to-face surveys generate a higher
response rate than questionnaires sent by email (Bordass and Leaman 2005b,
2005a). Thus, a lower rate response was expected for this second survey. There
is another possible reason for the low response rate. During recruitment,
business operators were offered individual feedback with recommendations for
improving their premises as an incentive for participation. This study was also
part of a major project - Sustainable Port Kembla (SPK) – which aimed to
implement retrofits in three buildings and to analyse the impacts of the measures
implemented. Recruitment for this research provided information on the selection
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of the three buildings to be retrofitted. The overlap of the two studies was
explained to the occupants before they decided to participate. The possibility of
being selected as a case study in the SPK project and receiving the retrofit could
have been the main motivation for those who decided to participate. As the SPK
retrofit buildings had already been selected at the point when the second survey
was sent, they may have lost interest in participation.
Other possibilities to consider are:
o The occupant (building owner or tenant) is not interested in
retrofitting, whether they have guidance or not;
o The premises or building have been recently retrofitted;
o A retrofit is being implemented in the premises or building, so they
did not respond to the survey.
In fact, this last option applies in at least one case - one of the whole buildings in
the survey received a grant in the third round of the Sustainable Port Kembla
project, as published in the WCC web site for the Port Kembla 2505 project
(Wollongong City Council 2018a). It is unknown whether the retrofit implemented
followed the recommendations sent in September 2018.

5.7.2.4 The potential to retrofit
The potential to upgrade buildings in this precinct was evaluated by applying the
checklist or thinking tool in Table 5-20.
By understanding the building functionalities and the needs of each class of
business, the aim was to identify the issues inherent to each type of business.
The approach should result in sets of sustainability measures that are more
suitable for one business class than another.
An upgraded building envelope helps to reduce energy consumption by creating
a comfortable internal environment where the use of artificial climatisation is
minimised or even eliminated. Considering that the buildings in this study are
terraced and that most premises are on the ground floor, the opportunities to
externally improve the envelope are reduced to the front and rear façades.
Coincidently, the front (street) façade is also the main element for promoting the
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business so it is reasonable to assume that this element should receive attention
during upgrading.

5.7.3 Priority measures to retrofit the SCRB
Strategic planning is a system of successive and hierarchical choices within a
number of options to realise specific objectives according to aims, resources and
constraints. The sustainability measures suggested in this research might or
might not be implemented by the occupants of the building. It was not the initial
aim of the research to test the efficacy of construction techniques or building
elements. The recommendations were provided as a contribution to participants
for their collaboration. The aim of the research was to gain a better understanding
of the dynamics of the SCRB and to propose strategies to incentivise the uptake
of retrofits. Monitoring these buildings in future studies can potentially generate a
more robust set of benchmarks for the SCRB sector in the short to medium-term.
The initial benchmarks are set in this research.
The standard ISO 50.001:2011 requires the use of energy performance
indicators (EnPI) to monitor building energy performance (International
Organization for Standardization 2011). This requirement makes EnPI the key
feature of a data-driven approach, which means a qualifying corporate building
should:
i)

Create a baseline of energy use;

ii)

Track EnPI against the baseline to measure progress;

iii)

Develop targets for energy performance;

iv)

Establish operating controls and procedures for significant energy
uses;

v)

Report progress periodically.

This ISO approach to energy performance in corporate buildings was adapted
and combined with the strategy developed by (Bullen and Love 2011a) to address
the performance issues in buildings, which include:
1. Knowing the buildings, premises, system or building material;
2. Understanding how it works;
3. Establishing business/occupant needs;
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4. Finding feasible solutions;
5. Creating, assisted by a professional if possible, a progressive plan to
implement solutions according to financial availability;
6. Starting a register of building utility consumption as soon as possible,
based on comparable metrics; and
7. Sharing the register with similar businesses.
The combination of these two approaches influenced the mechanisms adopted
to instill in the occupants the curiosity to understand how the building works. In
this regard, the checklist works as an educational tool to demonstrate the
functionalities of the buildings and to indicate how to find potential solutions for
their improvement.
The Australian Government has been investing in the diffusion of information and
has provided comprehensive information sources such as the website
‘YourHome: The Australian guide to environmentally sustainable homes’. This
website has a concentration of quality information regarding materials, energy
and water, among other information on the residential sector. This initiative
endorses the need for occupants to be proactive regarding the performance of
buildings; however, there is no similar information service to address the
commercial building sector.
One suggestion is to start the process of retrofit planning by prioritising the
intervention according to the financial resources available. Structural retrofits
such as adapting the building envelope and fabric according to passive design
should be prioritised because they typically bring the highest benefits and the
best return from investment (American Society of Heating Refrigerating and AirConditioning Engineers 2011b). However, they commonly are too expensive to
afford. The second item in the hierarchy is to improve the aspects related to active
building performance, such as the design and dimension of installed systems.
Finally, there is a need to improve the aspects related to building ability and
opportunities to harvest resources such as solar radiation, rain water and wind
(Reardon, McGee, and Milne 2013). This is the suggested hierarchy for the
buildings in this precinct. Within these groups of strategies, actions should be
analysed individually.
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If resources are not available to implement physical changes in the building, it is
possible to start with no- and low-cost measures such as rethinking the
production processes and business practices, changing light bulbs to a more
efficient type, and closing any gaps identified in the conditioned area such as a
suspended ceiling or a corridor. Some low-cost actions might rapidly repay a
small initial extra investment (Reardon et al. 2011). Then, money saved from
small changes could be invested in more impactful future retrofits.
Employing design features that use solar energy in the form of daylighting has
been shown to offer huge potential for reducing energy consumption in retail food
stores, where it can reduce lighting energy requirements by almost 25% (Tassou
et al. 2011).
Not all building performance evaluations adopt standardised performance
indicators. Building performance might be evaluated on the basis of achieving a
performance goal that is converted into one of the business elements. For
instance, Zac (Consultant 2017) suggested the use of a tailored ‘successful
upgrade’, where a client (building owner or tenant) establishes with the AEC
professional what would be an acceptable outcome for the performance of a
building. He also suggested that this goal should be converted to savings in a
concrete indicator related to the business. For example, the number of meals
served by a restaurant, or the number of services sold per month, such as 200
haircuts per month. In Zac’s suggestion, a sustainability measure would
represent a saving for the business or would take into account how successful a
building is in terms of pre-established criteria or targets. For example, a
successful upgrade for [business name and address] is to achieve a 20%
reduction in electricity bills after the implementation of X, Y, and Z sustainability
measures. Or even: a successful upgrade for [name of coffeeshop and address]
is to save on electricity, gas and water to a value equivalent to 500 coffees.
Although it might limit comparison with other businesses, this approach is aligned
with the concept of a locally constructed sustainability indicator.
Following pre-established protocols, such as the ones which generated typical
energy or water benchmarks, might facilitate comparison against existing data.
However, because these typical data often do not consider smaller scale
buildings, they are not representative of the SCRB sector and are thus not useful.
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This is why it is necessary to start a new set of benchmarks using a tailored
method of data collection based on previous experience (such as in this
research), and adapted to the needs of the sector by considering local contexts
such as lack of resources for funding and manpower. Well adapted strategies
would enable data to be collected.
Technically, all buildings can be upgraded but the potential to undergo upgrades
is a measure of the benefits a building can harvest by implementing sustainability
measures. The analysis only refers to the level of upgrade feasibility because
funding capacity and the type of occupancy or lease need further consideration.
The cost of upgrading is a common barrier that postpones upgrades or makes
them unfeasible, while the value of use and the cost of upgrading compared to
the cost of new construction are some of the drivers.

5.7.4 Advances in building components and materials
Advances in the building industry in the past two decades, especially regarding
materials and components and the availability of marketing, have facilitated an
increase in the implementation of retrofits when compared to earlier periods.
Many technologies with green building attributes have become commercially
available, including LED lighting, cool roofs, cellulose insulation, recycled
materials, materials with reduced volatile organic compounds (VOC) (Melbourne
Energy Institute 2013; United States Department of Energy 2011) and
photovoltaic systems (Vyas and Jha 2017). This has promised to significantly
reduce energy consumption and/or emissions (Reardon and Downton 2013;
International Energy Agency 2013). However, not every technology can be
adopted by all buildings, and while there is a plethora of potential solutions, the
criteria to be considered when planning an upgrade may vary between typologies
or end-uses.
The work of Gohardani and Björk (2012) offers a comprehensive overview of the
decision making the process and the strategies needed for upgrades. The range
of possibilities regarding building materials is vast, and continually improves with
advances in the knowledge of engineering and processes. Such advances
include thermal insulation, solar panels, photochromatic glass, and efficient
paints and coatings, to name a few. A wider-scale approach can involve smart
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conditions, sharing energy supply and demand between adjacent buildings within
a precinct or even within districts, to allow for urban resilience on a broader scale
and to identify sustainable solutions for energy supplies (Newton 2017; American
Society of Heating Refrigerating and Air-Conditioning Engineers et al. 2011).
Passive design often works independently of occupant behaviour. In his study,
Hens (2010) concluded that the benefits of solar and PV panels are minimal
compared to the energy saved by better insulated windows, better airtightness,
upgraded ventilation and central heating.

5.8

Strategies to incentivise upgrades in the SCRB sector

Buildings have a long-term impact on energy consumption due to the long
renovation cycle of existing buildings. Therefore, stocks with the highest levels of
vacancy and obsolescence represent the greatest potential for improving the
performance of buildings (Wilkinson, James, and Reed 2009). In this context, the
buildings in Wentworth Street have a considerable potential to upgrade. While
cost-effective technologies and techniques can cut energy use in new buildings
by half, in existing buildings they can typically cut it to 30% (United States
Department of Energy 2002). Applying total building performance thinking can
reduce energy consumption, pollution and waste in existing and new construction
by a factor of 4 and simultaneously improve quality of life within buildings, as
measured through occupant satisfaction, health and productivity (Hartkopf and
Loftness 1999).
There are several lessons inspired by the City of Melbourne 1200 Buildings
Program (City of Melbourne 2013, 2015) for the implementation of green retrofits
of small existing buildings:
1. Verify the possibility of modifications in the building fabric;
2. Consider the constraints of a realistic budget to ensure real returns on
investment;
3. Exercise the multiple stakeholder's interests, which is complicated;
4. Organise contributing ideas before a budget is committed;
5. Decisions need to bring value one step at a time (City of Melbourne
2013).
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The split incentive is as big a challenge in the SCRB sector, as it is in other
sectors (Centre for International Economics 2019). The GL model is gaining
momentum and could have its chance with the SCRB if a number of light-green
clauses could be put into practice (Janda et al. 2016). Of these clauses, the one
that should be contemplated is waste collection.
The lack of accessible and reliable information to assist during decision making
is something that should be addressed by local administrations in partnership
with universities. Likewise, the lack of understanding about building functionalities
is a barrier that demands the partnership of local government and university.
Recent workshops with high school students at the University of Wollongong
enabled students to learn about building physics; a similar program, with
accessible lay language, should be developed to educate other sectors of society.
One important barrier is the funding of projects; it would be a good idea if public
funding for private purposes could have a mandatory report of the return or the
impact on the environment and adjacent buildings. This should be a criterion used
to provide funds, as well as other criteria such as achieving as much as 20 per
cent energy savings (Bullen and Love 2011a).
Regarding energy metering, while privacy and data protection are still a concern
in Australia for data aggregators and end-users (Ahmad et al. 2016), smart
metering will take longer to roll out. Narrowing the time gap between energy bills
would empower the consumer by providing information about consumption that
would better facilitate the control of energy consumption. Therefore it is
recommended that studies be developed to explore the effect of reducing the
billing period to monthly instead of quarterly. This could generate more demand
for controlling consumption and greater accountability. Thus, reducing the billing
interval results in timely information to the consumer who can then decide
whether or not to implement reduction strategies.
Asbestos removal is a very controversial topic, and people do not like to talk about
it (Master Builders Australia 2013; Bruce et al. 2015). In the case of an upgrade,
construction elements containing asbestos can only be removed by a licensed
asbestos removal company. This is an expensive process which is usually
avoided by people willing to upgrade. Unfortunately, it is in construction elements
such as the roof where asbestos is most commonly found. Upgrading these
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construction elements would provide the major benefits of enhanced thermal
comfort, which result in higher energy savings. In the SCRB sector the presence
of asbestos can be decisive in the decision to retrofit; it ultimately will set the bar
of the costs and determine whether they are affordable or not.
These retrofit recommendations can be feasible or not depending on aspects
such as the stakeholders involved, their common interests, the time needed to
put them into practice, and other factors regarding economic and political issues.
In terms of disseminating the findings of this research, an initial approach was to
give feedback to the participants (Bordass and Leaman 2005b, 2005a). Beyond
recompense for the engagement, this was a way to create awareness among
stakeholders to be more proactive towards the performance of their buildings. A
second approach is the production and submission of peer reviewed papers to
start the debate in the academic environment. A third approach regarding
dissemination of findings is influenced by (West 2016) with regards to
extrapolating the commonly reached audience of academic papers and
innovating with other means of communicating research findings to the public that
can put them into practice in the real world (West 2016).

5.9

Conclusion

The benchmarks commonly used to evaluate the performance of commercial
buildings are those resulting from an analysis of larger buildings. Despite the
commercial nature of business activities carried out inside these buildings, they
do not have either the corporate facilities or infrastructure, nor the personnel
structure commonly found in the reference buildings of existing tools.
Tools that are used to evaluate high-rise PCA-graded buildings in the commercial
sector are not transferable to the SCRB sector, thus the values benchmarked by
these tools are not representative of smaller buildings. Appropriate benchmarks
should be created to allow for fairer comparisons, which is why this research has
produced the initial benchmarks for five business classes in the SCRB sector.
Likewise, the mechanisms to ensure that upgrades will be supported must include
the technical aspects studied by engineering, as well as the economic and social
aspects in the SCRB sector, which are commonly overlooked. Upgrades allow
for the retention of buildings with social, cultural and historical value (Wilkinson
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2011). The social dimension includes the perception of whether building
upgrades and adaptation are positive or not. Also, awareness about building
performance may not be followed by the corresponding adaptation in the supply
chain to attend to the demand; this would be another barrier. That is why a new
market should be prepared to meet the demand for upgrading services, which
means more job opportunities in the supply chain of new products and services.
The eventual replication of this method in other regional centres should also
consider local characteristics to adapt the method. This is part of a sustainability
approach to evaluate building performance.
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6 Discussion and conclusion
This last chapter presents a reflection on the MMR design, data achieved through
the research, metadata (i.e. data about data), and a critique of the overall
research contribution. It also provides suggestions for future improvements in the
methodology adopted in this research. It then discusses the internal and external
validity and the utility of the contribution this research brings to the commercial
building sector. Finally recommendations are made for future works both in
academic research and policy and innovation practice.

6.1

A critique of the mixed methods design

Since it is important to critique research activity, this section presents the
possibilities and limitations of the methods and techniques adopted in the
research (Dainty 2008). There is no doubt that all possible efforts were made to
overcome limitations inherent in the methods adopted and the context of the
study areas. Nevertheless, this reflection is important to guide future replication
of this methodology because it shows which aspects can be improved.
The exploratory phase of the research was longer than expected. During this
phase, a considerable number of institutions related to small businesses and
commercial buildings were contacted, but they demonstrated no engagement or
were not able to provide the data needed. Also the desktop survey did not return
data on small commercial buildings in similar contexts that could be used to
compare performance. Therefore, the results and findings of this research are
reflected on in the context of what is known in the literature about larger scale
commercial buildings, which typically have more complex installed systems and
professional management of building fabric and services. Whilst this appraisal
does not result in a ranking of these buildings in the broader context of
benchmarks, it serves as evidence on how SCRB in regional centres are different
from the typical commercial buildings.
This phase could have been shortened considerably if the decision to obtain data
from real buildings had been taken earlier. The time spent to explore a reasonable
number of potential sources of data, however, provided confidence that data
about SCRB in the Australian context is not available, or non-existent.
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6.1.1 Desktop survey
The desktop survey was the second most significant method in this research. It
represented a continuous search for textual and visual documents to:
-

identify a topic where there was a need for more research, in this case the
environmental performance of the SCRB sector;

-

look for data on the SCRB sector to support the research design and
arguments;

-

ultimately determine whether any data were existent or available, and thus
ensure the efforts to produce firsthand data were necessary.

The review of the specialised literature was marked by several constraints. The
first was the variety of terms used to refer to building improvement works, as
discussed in Section 2.3. The second was the skewing of the search results
caused by the multiple uses of the word ‘commercial’. A considerable number of
papers which contained the word ‘commercial’ in the title actually exclusively
studied either industrial property, or office buildings, or even shopping centers, or
sometimes in a mix of typologies. This lack of consistency on the title of the
papers browsed led to an extended time on the search for data on the SCRBs. A
third difficulty was the notion of small, which varies in different cultural contexts.
Apart from these constraints, the vast academic literature on commercial and
retail buildings was used to establish the areas where more research is needed.
In February 2017, the WCC Department of Planning granted access to the DA
database from the council office. The author worked for three days to gather
relevant data from both study areas. However, while the database is well
structured and has relevant information for most of the newer buildings, data for
older buildings, such as floor plans, construction technology, building materials,
type and extent of the work proposed, is inconsistent and/or incomplete.
Another source of information for the desktop survey was the maps from the study
area, and other similar areas. Maps have a large volume of data on the built
environment, which is publicly available and this was used to support the findings
of this research.
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6.1.2 Interviews
The main issue regarding interviews was to find people who are willing to
dedicate some time to share ideas about the research topic. Most people do not
see a connection between the generation of knowledge through academic
research and the potential benefits which can be put into practice in their daily
life. In this regard, reluctance to engage during recruitment can be confused with
a lack of awareness (United Nations Environment Programme 2007). It would
have been advisable to undertake strategic diffusion of the objectives of the
project among local professional associations. Knowing in advance what the
project is about would allow potential interviewees to decide whether or not they
would like to participate in the project. This action would also have accelerated
the recruitment time. Recruited stakeholders were geographically spread in the
Wollongong area and there was one professional from Sydney. Stakeholders in
the building sector were not too diverse and comprised engineers, architects,
designers, contractors, real estate agents, investors, tenants, owners and the
public administration. With the exception of investors, the groups of interviewees
had at least one professional for each category of stakeholders.
The interviews provided a volume and depth of information that could not have
been achieved by other methods (Malterud, Siersma, and Guassora 2015), even
though the findings were limited by non-random sampling and small sample size,
with only one or sometimes two interviewees in each stakeholder profile. The
semi-structured interviews provided a good set of viewpoints from the
stakeholders, but the conversational approach to interviews resulted in long
recordings that are time-consuming to analyse (Haigh 2008). Nonetheless, field
notes proved to be a useful support in transcribing and coding the audio recorded
information.

6.1.3 Recruitment to audits
Productivity during fieldwork in the main study area was greatly improved with
assistance from a research assistant. Previously, the author depended on
volunteers to support recruitment in the pilot area because it was a condition
established during a risk assessment of the fieldwork (Appendix B). One way to
improve recruitment for the audits would be to advertise the intentions of the
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research to the targeted public, for example via the free community time slots in
local commercial radio stations. This strategy would give people time to think
about participating in the study, rather than relying on the researcher’s ability to
convince them while knocking on doors. Moreover, this strategy could result in a
greater spread of geographical location of buildings instead of being concentrated
in specific streets. Despite the concentration, there was a satisfactory diversity of
the type of business, cultural background and working schedules. This diversity
was addressed by adapting the recruitment strategies accordingly.

6.1.4 Audits
The procedures adopted during the audits were based on the procedures of
National Retail Association (National Retail Association 2015), ASHRAE Level 1
audit (American Society of Heating Refrigerating and Air-conditioning Engineers
2001), the Washington State University Energy Program (Washington State
University Cooperative Extension Energy Program 2003), and the RICS (Royal
Institution of Chartered Surveyors 2010), which is a worldwide recognised
institution on this type of assessment. Naturally, the steps were adapted to the
conditions presented in the study area and resources available at the time of the
audits.
Data from the audits provided diverse firsthand data about the buildings in the
study area. The audit tool was designed to collect the best set of data possible
and to be comprehensive. It was important to maximise the efforts to engage
participants, to seize the opportunity of accessing those buildings. During the
analysis it was realised that more data than necessary was collected from
physical buildings. As is explained in Section 4.5.5, electrical appliances were
inventoried in an attempt to estimate energy use by businesses. However, the
range of types, brands and ages of appliances made it difficult to accurately
estimate energy consumption. Therefore, these data were not utilized as
expected initially, but can be used in future studies. Thus, data collection was not
a wasted effort. This analysis also leads to the conclusion that the time spent in
each audit could be shortened if only the necessary data was collected.
Moreover, a digital resource (such as an App) that integrates image collection
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and measured dimensions would reduce the time spent inside the premises and
minimise disruptions to the business.
Another limitation during fieldwork was that participants did not provide data as
agreed during recruitment. In the case of vacant premises, there were
opportunities to collect data from the outside of the building or from a desktop
survey. Because there was no one inside the building, this was considered a be
a ghost audit1 and sixteen of these were carried out. These audits resulted in data
such as the total floor area of the sales area, the number of taps, power points
and lamps (that could be seen from the outside) and the cost of the rental.
However, during the data analysis these ghost audits were considered to be of
limited help for evaluating building performance because it was not possible to
gather information on the consumption of resources within these buildings.

6.1.5 Analysis of utility bills
Access to individual energy consumption data has improved the understanding
of consumption trends, resulting in more adequate actions to optimise energy
consumption (Borgstein and Lamberts 2014). This research aimed to collect
individual resource consumption data by collecting and analysing the electricity,
gas and water bills of occupants. However, there were some impediments to
collecting this data. First, tenants often had no access to water bills, especially in
leases where the cost of water usage is embedded in the amount charged by the
landlord. Second, the occupants displayed a certain resistance to providing
energy bills, possibly due to concerns about disclosure of their business. Some
of the bills that were provided covered a long period of time while others, albeit
reluctantly provided, were from a period far in the past. These bills were adjusted
when applicable, but otherwise they were not included in the study.

1

This was a reference to the fact that one can have access to what is inside as if it was possible
to cross the walls.
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6.1.6 Questionnaire survey
Responses to the questionnaire survey were mixed which indicates that future
questionnaires would benefit from revision of some questions. Several responses
provided detailed data which denoted careful engagement by the participant,
while others paid scant attention to detail. For instance for Question 4.3, about
what kind of waste the establishment produced on a daily basis, the answer
‘rubbish’ does not provide enough information for research purposes. These
results suggest that this question should be modified from an open-ended
question to a multiple-choice question. From another perspective these cases are
understood as ‘satisficing’, a combination of satisfying and suffice, intended to
describe the commonly used rationale to decide which answer to choose (Harich
2015, p.65).
Question 1.3, about the number of employees, was potentially sensitive to familyowned businesses because one answer was zero employees. Re-wording this
question to ask the ‘Number of people working in premises’ should more
accurately elicit the expected answer. A question about the frequency of waste
collection and size of the bins (Question 4.2) aimed to quantify the volume of
waste produced. This question should also be reviewed and improved, possibly
by inserting a photo of the bins close to a person, as a reference of size.
Energy efficiency has a significant behavioural component. Energy‐inefficient
behaviour identified in this research can be associated with reluctance to improve
building performance and lack of awareness (DG Energy 2014). Energy
efficiency improvement is often considered low hanging fruit.2 However,
strategies to enhance the performance of buildings, hence the building stock,
cannot rely exclusively on the implementation of efficient building fabric and
technologies to clean the energy matrix. Projects should also aim to raise
awareness through targeted educational actions (behavioural and technologymeasure based) to make explicit the benefits resulting from improved building
performance. In this regard, there is a need for behavioural strategies and

2

Shove recalls that in 2009, Stephen Chu, then the US Secretary of Energy, concluded that
‘energy efficiency is not just low hanging fruit; it is fruit that is lying on the ground’ (The Times,
2009 cited in (Shove 2017). She asks ‘what is wrong with energy efficiency?’ (Shove 2017).
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educational instruments alongside technologies and measures (e.g. encouraging
people to avoid overheating in winter should be supported by effective, intelligible
heating controls). These educational instruments could provide the feedback
needed for building owners and users, concerning e.g. user behaviour, energy
cost and benefits of energy‐saving measures. New technologies are slowly being
rolled out alongside the use of smart meters and smart grids.

6.2

Validation in MMR

In MMR, quantitative and qualitative methods and techniques have different
perspectives and indices for quality assurance and therefore often do not rely on
saturation as a single marker of adequate sample size (O’Reilly and Parker
2012). Convergent validation is about whether findings from different methods
agree. If they do, it is assumed that the findings are more likely to be valid since
different methods display different kinds of error (Fielding 2012).
Sampling was based on the suitability of the sample to provide data, so that it
searches for truth, value, credibility, worthiness, legitimacy, and authenticity.
Gathering real data about buildings and the consumption of resources is an
enormous challenge (Ahmad et al. 2016; Wilkinson 2014). This task is made even
more challenging in this research because it involved commercial buildings and
there are concerns about protecting commercial confidentiality. The sample size
was considered satisfactory in light of previous experience with the pilot study
and compared to international experience (Martin 2013). Whilst the amount of
data collected allowed for the establishment of benchmarks for electricity
consumption for the five business classes proposed, the quality of the information
provided was not consistent. This fact does not minimise the validity of the
methodology, results and findings for this sector.
Data excluded during benchmarking were depicted accurately to justify exclusion
or inconsistency to keep the process transparent (Cohen and Bordass 2015). The
remaining data adopted in the calculation reflects the reality of the audited
buildings because it was accessible for measurement and/or observation onsite;
it therefore provides an appropriate benchmark for the SCRB sector. The regular
assessment of participant buildings should provide consistent information that will
result in a robust benchmark over time.
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Data collected and produced by this research are interchangeable, i.e. they can
be used in other studies. For instance, the assessment of building envelope can
and should be used in further studies regarding the SCRB sector. The results and
findings are verifiable and useful; the methods and techniques are transferable
and can be replicated in other similar areas within and outside Australia. Despite
the transferability of methods and techniques, the application of this method in
larger areas has to be tested in larger samples of SCRBs. Once the set of
methods and techniques fit the type of buildings and the profile of the occupants,
it is likely to be successfully replicated in similar areas.
Triangulation was also used to ensure the quality of data. Table 6-1 presents a
correlation between the criteria assessed and the methods or techniques adopted
to achieve data on each criterion.
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Table 6-1 Correlation between criteria analysed and the adopted methods.

Building orientation

x

x

2

Façade inspection

x

x

x

3

x

x

2

x

x

Façade elements

x

Type of roof

x

x

x

4
2

Age / maintenance

x

x

x

x

x

5

Adaptation / original use

x

x

x

x

x

5

x

2

x

1

x

4

Airtightness (estimation)

x

Insulation
Type of fuel

x

x

x

Use of controls

x

x

x

x

x

x

Technology used

x

3
x

Resources use intensity

Business practice

utility bills

3

Lighting design

Heating /cooling loads

x

x

5

x

1

x

2

Natural lighting

x

x

2

Natural ventilation

x

x

2

Building breakdown area

x

x

2

Waste production

x

Occupancy status
Building owner proactivity

x

HVAC system

People

No. of methods/
techniques per criteria

questionnaire survey

x

interviews

map interpretation
x

Building footprint

photography

textual analysis
x

Criteria

Building

onsite observation

Methods and Techniques

x

x

2

x

x

2

x

x

4

x

1

Energy use intensity

x

Occupant proactivity

x

Sustainability awareness
Total per method

4

7

11

x

2

x

x

x

4

x

x

x

3

20

10

13

4

Source: Author.
As shown in Table 6-1, most empirical data on SCRB was achieved with the
walkthrough audits, mainly because after gaining access to the properties, a
number of techniques were used to collect data, such as photography, analysis
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of utility bills, conversation with occupants and onsite observation. The type of
data collection that was most difficult to achieved was consumption, measured in
this research by the utility bills, as discussed above.

6.3

Discussion

This research aimed to study smaller scale commercial and retail buildings in
regional centres to characterise the environmental performance of this sector, to
identify the drivers and barriers to the uptake of building upgrades, establish one
or more benchmarks for this building sector, and build the foundations of a
decision-making tool (Gohardani and Björk 2012) to inform lay people as they
begin to make decisions regarding upgrading. This research approached the
issues around the dynamics of upgrading buildings in the SCRB in regional
centres by studying a precinct in Port Kembla.
Port Kembla is a fully urbanised area with a high turnover of tenancies. Despite
the relatively high number of businesses that have been established for long
periods, vacancy is an issue in the precinct. Therefore, it is important to
incentivise the occupancy of these vacant spaces to seize the perceived recent
synergy identified in the precinct.
The main research question (RQ1) asks ‘How can the renewal rate, or uptake of
retrofits, in the SCRB in regional centres be accelerated?’ This RQ perhaps leads
to the expectation of a solution based on collective action, but collective actions
in the building sector are usually triggered by public administration through
mandatory requirements. The first aspect that this research reinforced was that
these mandatory requirements have been focused on the larger commercial
buildings, while smaller buildings have been largely overlooked (Lausten 2008).
This means the existing knowledge of these smaller buildings has not been
systematised, and any data have been encapsulated in different institutions and
are therefore not available. More policies and programs are needed specifically
for the SCRB sector.
The study of the characteristics of smaller commercial buildings provided an
answer for (RQ2): ‘What are the characteristics of SCRB that differentiate them
from the larger commercial buildings?’ These buildings are characterised by their
physical aspects, by how they are used, and by the behaviour and satisfaction of
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the occupants. Differences are not only in the buildings, but also in the type of
business and occupants’ profile, as well as in the dynamics around them. The
approach to occupants requires that participants understand the importance of
getting involved with the performance of the building and what their role is in this
performance. Different from the larger corporate buildings, this context is
multifaceted and difficult to access. Additionally, there are no relevant aspects of
building regulations, and the commercial nature of end-use activities suggests
that the benefits of getting involved need to be made evident during the
recruitment process.
Based on this understanding, an assessment method was designed to collect
data and to understand the difficulties of this task, articulated in RQ3: ‘What are
the characteristic features of the SRB sector that have potential to be modified to
improve building performance?’ The method was piloted, reviewed, and revised
before applying it in the main study area. The experience of collecting and
analysing data in the main study area and reflecting on the efficacy of the
research tools and processes has allowed for the identification of further
improvements to the assessment methods.
This research identified that there is no single indicator for a successful upgrade
or building performance that suits all SCRB. The commonly used EUI should be
combined with at least one more indicator based on a variable related to the
particularity of the business. The definition of an indicator based on a business
related variable provides a path on which to establish an individual target that
would ensure the level of success of a retrofit. The client and the AEC
professional responsible for the upgrade should agree and it should be measured
accordingly, which would require the exchange of knowledge between the AEC
professional and the business manager. This analysis addresses RQ4: ‘What can
be considered a successful sustainability retrofit in the SCRB sector?’ A
successful upgrade is one that meets the pre-defined expectations or reaches
the locally and contextually defined target with the aim of improving the overall
building performance. It can only be defined in the context of the needs of an
individual business in relation to a specific building. A comparison against the
benchmark might indicate the need for improvements or even whether certain
buildings meet the specific end-use activities.
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The research also identified the drivers and barriers, as well as the potential for
upgrades in this building sector while extrapolating the technical aspects of
construction and considering the social aspects of the dynamics of occupancy,
hence addressing RQ5: ‘What are the main drivers, barriers, opportunities and
potentialities to retrofit in the SCRB sector?’
The question about the most effective strategy to enhance the environmental
performance of the SCRB sector - (RQ6) ‘What are the most appropriate retrofit
techniques, strategies or actions to enhance the performance of buildings in this
study?’ – has two answers. The first answer is that despite the commonalities of
the SCRB sector in different regional centres, each place has a specific culture.
The term culture applied to the built environment is translated not only in the
construction techniques used in the buildings, but also how people use the
spaces inside and outside the buildings. Therefore, different retrofit techniques,
strategies and actions will be more or less effective based on the local context.
The second answer to this question is that information empowers people (Way
and Bordass 2005; Bordass and Leaman 2005b, 2005a). The lack of reliable
information about retrofits in this sector was identified in the literature review and
confirmed during the interviews. The suggestion of a decision-support tool to
diffuse reliable and timely information about upgrades in the SCRB sector aims
to close this gap. Moreover, information can be provided locally, which allows
people to take informed action.
In this way, identifying the characteristics of the performance of SCRB in regional
centres (Objective 1) and the strategies needed to incentivise the uptake of
upgrades in the SCRB sector (Objective 2) have been addressed. The
dissemination of research findings as meaningful and actionable information to
the key stakeholders (Objective 3) has also been achieved. In September 2018,
each participant received a summary report of their individual building and at least
three recommendations about potential improvements to the building. Finally, a
decision support tool needs to be developed as a post-doctoral research project.
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6.4

Research outcomes and contribution to knowledge

This section details how knowledge of SCRB was constructed, presents the
outcomes of the research and describes how it contributes to the enhancement
of knowledge of the SCRB sector.

6.4.1 First outcome: a methodology for data collection
The critical analysis of documentary and literature review compiled in Chapter
Two formed the basis for the development of an MMR design to collect and
analyse primary data to characterise the SCRB sector in regional centres in
Australia, including its performance as a precinct. This MMR design constitutes
the first outcome in this research, and is described in Chapter Three. This
research design facilitated access to data at individual-building level that was not
known before, such as: the occupancy status; type of business carried out,
number of regular occupants; and consumption of electricity, gas and water in a
defined period of time. An initial data collection to facilitate the evaluation of the
performance of these buildings has commenced with this research. The research
has demonstrated the need for specific benchmarks for each business class and
building type to allow comparison of the performance of the buildings in the SCRB
sector.
The methods and techniques adopted in this research can be replicated in similar
contexts, when data about buildings, businesses and occupants are needed.
Attention to the comments detailed on Section 6.2 can provide guidance on the
continuous improvement of the methodology implemented in this research.

6.4.2 Second outcome: evaluation of the performance of the
building stock in this study
The implementation of this methodology allowed for the compilation of real data
from existing buildings in the study area. Data gathering in this phase enabled
analysis and synthesis to identify the aspects inherent in this building sector. This
is important because it justifies the need for specific assessment tools and
benchmarks to

help

establish

and

then

compare

performance.

This

characterisation of the Small Commercial and Retail Building (SCRB) sector as
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a sub-sector within the commercial building stock is the second outcome in this
research; it is described in Chapter Four.

6.4.3 Third outcome: the establishment of the benchmarks
After characterising the performance of this building sector, benchmarks were
established, where data allowed, for each of the five business classes proposed
in this research. A smaller locally built benchmark allows building owners and
occupants to see themselves within their context, and to understand their position
and the potential to improve. Where benchmarking was insufficient or not robust,
there is a baseline to allow further comparison of performance. These
benchmarks and baselines are described in Chapter Five.
Whereas the MMR design cannot establish the exact amount of potential energy
to be saved with one or other strategy, it can still identify, based on empirical
evidence, the areas where buildings should be improved. This approach
reinforces the understanding that there is no ‘silver bullet’ solution to address the
issues identified in the SCRB stock, so each building should be considered
individually.
A review of the specialised literature on BPE identified a gap in studies about
commercial and retail buildings which have a total constructed area of less than
1,000m2. This paucity of studies results in a lack of knowledge of this building
sub-sector.
A documentary analysis of building regulations at national, sub-national, and local
levels highlighted the focus on larger office buildings and shopping malls built for
a purpose. This research compares the mainstream commercial buildings to the
SCRB in multiple aspects to produce, as a first outcome, a characterisation of the
SCRB sub-sector as a specific sector within the commercial buildings sector.
The SCRB is a sub-sector of commercial building stock with specific
particularities, so the current model to assess, evaluate and incentivise
performance improvement in commercial stock cannot be applied to this building
sub-sector. This research characterised the SCRB regarding the physical
aspects of construction such as the type of service systems commonly found in
these buildings, and occupant satisfaction and business needs. The points of
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similarities and divergence are identified to create pathways to address the needs
demanded by occupants and buildings.
A Mixed-Method Research was designed to approach the occupants of these
buildings and to collect first-hand qualitative and quantitative data that would
answer the research questions about the performance of these buildings.
This research characterises the performance of buildings in Wentworth Street,
Port Kembla. This precinct is intended to represent aged building stock in the
commercial cores of Australian regional centres and as such, this method can be
replicated in similar commercial cores by always considering and preserving the
local cultural aspects when approaching people.
A simple calculation of the energy and water consumption and waste generation
baselines for each business class proposed in this research creates an initial
benchmark for participants to compare their answers and be informed of the
baseline for any future sustainable action plan.
The research also explores the potential to undergo retrofitting by conducting an
illustrative case study of applying the checklist as demonstrated. The checklist is
not intended to provide ready-made answers, but to create awareness of the
possibilities offered by each building and to incentivise the search for professional
assistance.

6.5

Recommendations for future research

As this research developed, through interaction with participants, close
observation of the buildings in the sample, and analysis of data collected in the
buildings, a number of questions emerged. While they are not within the scope of
this research, they would be interesting topics for future studies. These questions
might be approached by academia, in the form of new investigations, or by the
public administration, in the form of innovations in the current practice.
Regarding academic research on the environmental performance of the SCRB
sector, the exploratory phase of this research identifies a significant lack of
studies that produce reliable information regarding upgrades of the existing small
commercial and retail buildings. While the building industry produces a myriad of
online information about building components and systems that promise better
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performance, the information from marketing is designed to sell products, not
necessarily to meet a specific building or occupant need. Moreover, the
information available about upgrades does not support the stakeholders who
make decisions because it is either superficial or unreliable. Therefore, future
works should invest in online communications media to diffuse actionable
information to the public, to give landlords and tenants information related to their
specific needs and encourage them to contact a qualified professional to discuss
future upgrades.
Another question is ‘How to continuously commission the participating buildings
to enhance accuracy and robustness to the existing benchmark produced by the
present research?’ A study on the possibility of long term collaboration with the
occupants already engaged would be beneficial for participants and help
establish robust benchmarks, which are so needed for the SCRB. These
benchmarks could potentially support public administration in providing better
services related to the urban infrastructure, such as waste collection and gas,
water and electricity supply.
A final recommendation for academic research would be to improve the audit tool
for data collection to incorporate the lessons learned during the research, as well
as digital acquisition of qualitative and quantitative data. As the number of
buildings in the benchmark increases, testing the tool in other regional centres
would help verify its flexibility and the accuracy of the responses in order to
compare them with the present study.
It would be interesting to go back to these audited buildings and verify issues
such as:
o whether the relationship between tenant and landlord is still as good
as it was at the beginning of the lease, as detailed in Section 5.2.6,
when abatement of the rental was agreed;
o whether any of the sustainability measures were implemented and
whether consumption and savings are being monitored by the
occupant through the bills;
o whether smart meters have been installed and what is the impact of
this change in the individual energy consumption;
287

6.6

Recommendations for policy and innovation in practice in
the construction industry

Regarding innovation in urban services, while smart meters are not current
practice, it would be desirable to do a viability study of whether a change from
quarterly to monthly billing would help tenants to have a better control of their
consumption. This study would focus on the impact for the energy retailer and
consumers of a monthly billing system. A monthly invoice billing system could
help reduce energy consumption by providing consumers with timely access to
information about their consumption (CDM Consulting 2009).
In general the outcomes of this study endorse the views expressed by Dowling
and colleagues regarding retrofitting initiatives in Sydney: ‘Significant further work
– both research and policy – is (…) required on the assemblages of social,
technical and political systems required to more comprehensively retrofit the city.’
(Dowling, McGuirk, and Bulkeley 2014, p. 19).

6.7

Conclusion

The overall aim of this thesis was to gain a deeper understanding of the dynamics
of the retrofits and upgrades in the SCRB sector. The study was carried out in
the context of regional centres in Australia, in order to collect actual data from
operating buildings to establish consumption baselines on electricity, gas, water
and waste generation. The developed benchmarks provide better comparison
figures for the five business classes representing the small businesses in the
studied area and their needs.
While there is the need for further research on the specificities of business
classes and detailed building properties, this thesis has made a valid contribution
to knowledge regarding the way SCRB are occupied and used; the main issues
related to the building and the commercial relationships regarding occupancy; the
multiple viewpoints around retrofits; and the possible solutions to this complex
topic.
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Schematic breakdown

New Buildings

Existing Buildings (Upgrades/ Retrofits)
Commercial and Retail Buildings
Small Commercial and
Retail Buildings
in Regional
(SCRB)
Centres

Methods: Top-down vs. Bottom-up
Top-down
Data gathered from historical time series of energy and CO 2
emission, that usually lacks the link with the building physics
information. (e.g. Energy Use Intensity – EUI)
Bottom-up
Models strive to gather information about a representative sample of
the building stock.
Performance gap.

Mixed method approach
Desktop survey
Interview with stakeholders
Photograph and re-photograph
Post-Occupancy survey
Onsite observation
Building audit

Crown St , Wollongong

Map interpretation
Wentworth St , Port Kembla

Post-Occupancy Survey and Audit Tool

- Characterisation of business and
the occupant profile
- Priorities when choosing a building
- Satisfaction with building
- Waste production and removal
- Upgrading details when applicable

- Site
- Building
- Buildings Envelope
- Service systems: lighting, HVAC, water
- Waste production and removal
- Condition survey

Streetscape of the
Small Commercial and Retail Building sector

Auburn St - Goulburn

Wentworth St – Port Kembla

Hunter St – Newcastle

Main study area: Wentworth St - Port Kembla

Main study area: Wentworth St - Port Kembla

Aerial view of Wentworth St - Port Kembla

Preliminary findings
Buildings:
-

Old buildings
Poor maintenance

Preliminary findings
Buildings:
- Old buildings
- Poor maintenance
- Adaptation of the original building use

Preliminary findings
Buildings:
- Old buildings
- Poor maintenance
- Adaptation of the original building use
- Outdated technologies

Preliminary findings
Buildings:
-

Old buildings
Poor maintenance
Adaptation of the original building use
Outdated technologies
Poorly specified AC system

Preliminary findings
Buildings:
- Old buildings
- Poor maintenance
- Adaptation of the original building use
- Outdated technology
- Poorly specified AC system
- High heat loads in some conditioned spaces
- Non-ideal ventilation systems/design

Preliminary findings
Buildings:
-

Old buildings
Poor maintenance
Adaptation of the original building use
Outdated technology
Poorly specified AC system
High heat loads in some conditioned spaces
Non-ideal ventilation systems/design
Poor envelope air tightness and insulation

Preliminary findings
Businesses:
- Multiple businesses in one building
(self contained or shared tenancy)

- Generally, no centralised services

Preliminary findings
Businesses:
- Multiple businesses in one building
(self contained or shared tenancy)
- Generally, no centralised services

- Business practices often outdated

Preliminary findings
Occupants:
- Lack of a proactive approach to
building maintenance

Preliminary findings
Occupants:
- Lack of pro-activity in relation to
building maintenance
- Poor practice/design in natural
ventilation and lighting

Preliminary findings
Occupants:
- Lack of pro-activity in relation to
building maintenance
- Poor practice/design in natural
ventilation and lighting
- Poor use and control of artificial
lighting
- Overall lack of understanding of the
sustainability aspects of the building.

Summary of preliminary findings
Buildings:

Businesses:

Occupants:

- Old buildings;
- Poor maintenance;
- Adaptation of the original
building use;
- Outdated technology;
- Poorly specified AC
system;
- High heat loads in some
conditioned spaces;
- Non-ideal ventilation
systems/design;
- Poor envelope air
tightness and insulation.

- Multiple
businesses in one
building (self
contained or
shared tenancy);
- Generally, no
centralised
services;
- Business practices
often outdated.

- Lack of pro-activity in
relation to building
maintenance;
- Poor practice/design in
natural ventilation and
lighting;
- Poor use and control of
artificial lighting;
- Overall lack of
understanding of the
sustainability aspects of
the building.

Research next steps
- Compilation and analysis of collected data
- Definition of indicators and characterisation of the performance and
potential to upgrade

- Development of specific benchmarks for this sector
- Development of a decision support tool to be used by lay people in the
early stages of an upgrade in this sector

Port Kembla Billycart Derby

Summary
Ageing Small Commercial and Retail Building Sector in regional
centres with little or no action regarding upgrade incentives.
Is this a forgotten sector?

Mixed method.
Qualitative and quantitative approach to data collection.
Specific audit tools have been developed and piloted.

Next steps:
Benchmarks and Decision Support Tool will be developed
to assist building owners and tenants.

Port Kembla Billycart Derby

Thank you for your attention!
acvc600@uowmail.edu.au

22 September 2017

Ana Cristina Villaça
PhD Candidate
Sustainable Buildings Research Centre (SBRC)
Innovation Campus
University of Wollongong NSW 2522

Thank you for presenting
AIRAH Preloved Building Forum 2017
Hi Ana
On behalf of AIRAH, I would like to thank you for your time and effort in presenting at AIRAH’s Preloved
Buildings Forum 2017, held in Sydney on August 3.
This is the first time we have run a Preloved Buildings themed event for a few years and it resulted in a
great turn out with over 80 delegates in attendance. There has been some positive and insightful feedback
that can be used to potentially run a future Preloved Buildings forum in the near future.
Again, AIRAH thanks you for your time and effort at presenting at this year’s forum.
We hope to see you at another AIRAH event soon.
Regards,

Brendan Pejkovic
Professional Development Manager

Presentation Poster Summer School of Adaptive Façades. HafenCity University,
Hamburg, September 2016.

Sustainable upgrades in regional commercial
and retail buildings
 Ana Cristina Villaça, CAPES, University of Wollongong / Sustainable Buildings Research Centre (SBRC)

 Research information
Introduction, Background to the Research
Retrofits can benefit existing buildings by providing energy savings, reducing
greenhouse gases and improving both thermal comfort and quality of the built
environment. Measuring building performance is the first step to understand
the potentialities and constraints of a specific building during the retrofitting
process. To date, the potential within the commercial building sector to retrofit
high-rise office buildings and shopping centres has been extençsively
investigated, but the retrofitting of smaller scale commercial and retail
buildings still needs attention, particularly in regional centres where these
buildings are ageing.

Research problem
While there is a plethora of rating tools and certification schemes, and some
government incentives, to address different types and uses of buildings, a
review of the literature shows that very little research has been done on the
environmental performance of and retrofitting process for smaller scale
commercial and retail buildings. Therefore, this research aims to achieve a
better understanding of the retrofit dynamics in this building sector, including
the identification of drivers, potentialities and limitations to the upgrading
process, to ultimately identify the barriers that may prevent retrofitting of these
buildings.

Fig. 1 Aerial view of the pilot study area. Adapted from Google Maps.
Accessed: 05-08-2016.

Research Questions (Main Question and Sub-questions)
Main question
How can the uptake of the retrofit process by the smaller scale commercial and
retail buildings in regional centres be improved to comply with the new
environmental standards?
Sub-questions
1. What are the main drivers, constraints and potentialities to retrofit identified
in this building sector?
2. How do the existing rating tools fail to accommodate this building sector?
3. Which is the best strategy to measure and control the environmental
performance of buildings in this sectoral and regional context?
4. What are the ‘most effective’ retrofit techniques, strategies or actions for
this building sector in regional centres?

Fig. 2 Facades on Crown Street. Source: Google Maps.
Accessed: 05-08-2016

Research Objectives
1. Identify the drivers, constraints and potentialities for the upgrading process;
2. Develop a method to assess building performance in the research context;
3. Apply the method in a pilot study area to characterize the smaller retail
building stock performance;
4. Validate the method by replicating it in another regional centre;
5. Identify the most effective upgrading strategy in this context; and
6. Identify opportunities for improvements to the existing commercial and retail
building stock, considering the inherent characteristics of this sector.

Fig. 3 Commercial building before upgrading
After retrofitting

Research Deliverables
1. Create a method to assess the building’s environmental performance;
2. Potentially, create a benchmark for commercial and retail buildings;
3. Develop a tool to support the decision-making process during the early
stages of the upgrade design;
4. Blueprint guidelines for future policies to enhance the uptake of buildings’
upgrades.

Before retrofitting

Fig. 3 Commercial building before (below) and after
(above) upgrading.

 Researcher:
 Supervisors:
 Time span:
 Contact data:

Ana Cristina Villaca Coelho
Prof. Dr. Paul Cooper , Prof. Dr Tim McCarthy..
July 2014 to June 2017
acvc600@uowmail.edu.au

Presentation workshop BR-UK

Energy Epidemiology: using building data to support energy and carbon
policy in Latin America
23-23 April 2018, Radisson Paulista, São Paulo

Measurement & Evaluation

Collecting data from small scale
commercial and retail buildings
PhD Candidate: Ana Cristina Villaça
Partial results from the research:
Sustainable Upgrades in Regional Small Commercial and Retail Buildings.
Supervisors: Dr. Emma Heffernan and Prof. Tim McCarthy

Energy Epidemiology: using building data to support
energy and carbon policy in Latin America
23-24 April 2018 | Radisson Paulista, São Paulo
1

Rating schemes for non-residential
buildings

Building rating tools

Small
offices
Small
shops
CBD
Until July 2016
< 2,000m2
After July 2016
<1,000m2

1-A

Law
courts
Hospitals

Hotels

Supermarkets

Shopping
malls
Museums
Datacentres

Stand alone
offices

Schools &
Universities
Libraries

Data collection aims
Collect the best amount and quality of building related data to:
-

Allow the development of benchmarks in this sector;

- Provide actionable feedback to participants, so they can
improve the performance of their buildings;

- Provide evidence to support Energy Efficiency policies and the
implementation of related projects;
- Other aims…

2

Requirements to data collection
in this sector (SCRB)
Different building sectors need different approaches. The
commercial sector requires:
- Non-invasive procedures (regarding the privacy of people
and businesses;
- Non-disruptive to business routine;
- Culturally acceptable;
- Low-cost and easy to implement protocol.

3

Mixed-methods approach
Desktop survey

Map interpretation

Documentary analysis
Photograph and re-photograph
Fieldwork

Interview with stakeholders
Post-Occupancy survey
Onsite observation

Crown St , Wollongong

Wentworth St , Port Kembla

4

Building audit

Data framework

5-A

Data framework

5-B

Data framework

5-C

Thank you!
Ana Cristina Villaça
acvc600@uowmail.edu.au
anavillaca@gmail.com
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Speaker invitation for public presentations at Soapbox Science Brazil
2019

Photos from the two presentations

Thank you letter (Certificate) from Soapbox Science Brazil

30/04/2019

Gmail - Soapbox Science RJ 2019 - Speaker invitation

Ana Villaça <anavillaca@gmail.com>

Soapbox Science RJ 2019 - Speaker invitation
Soapbox Brasil <soapboxbrasil@gmail.com>
To: anavillaca@gmail.com

11 March 2019 at 14:21

Dear Ana Cristina Villaça Coelho
Firstly, thank you so much for applying to be part of Rio de Janeiro Soapbox Science 2019.
This year we were overwhelmed with applications but we thought yours really stood out. As such, we would like to
invite you to be one of our speakers at this year’s event!
Just as a reminder, Rio de Janeiro Soapbox 2019 will be taking place on July 2019 in the city of Rio de Janeiro. The
date is still open, and we would like to know the best option for you (please indicate below). In addition, if you live
outside of Rio de Janeiro, please indicate your availability of funding to attend the event.
Best date for me:
(a) July 13th
(b) July 20th
(c) Either is fine
Financial resources for attendance:
(a) I can pay for all travel expenses (airfare + housing)
(b) I can pay for airfare, but not for housing costs
(c) I can pay for housing, but not for airfare costs
(d) I cannot pay for any travel expense
If you are still willing to be involved and speak at this event, please could you confirm your attendance by March
17th?
We know you probably have many questions about the event - and there will be more on this very soon.
At this stage though, we need some information from you to announce our selection on the website and get people
excited about this fantastic selection of speakers. For this, could you please send us the following things:
* a picture of you (medium size, 300Kb max, square shape)
* your title, full name & institution
* the webpage you'd like your profile being linked to on our website
* your twitter or other social media accounts
* the title of your talk (something short, punchy and accessible)
We would like to announce the speakers on our website and twitter all at once. It would be great therefore if you
would be able to send the above by March 17th.
We look forwards to hearing from you.
The Soapbox Science Team

https://mail.google.com/mail/u/0?ik=570f444255&view=pt&search=all&permmsgid=msg-f%3A1627730665655309130&simpl=msg-f%3A1627730…

1/1

Images from Soapbox Science Brazil 2019

Public presentation at Praça Mauá, Rio de Janeiro, Brazil – 20-07-2019

Public presentation at Carrefour Barra, Rio de Janeiro, Brazil – 21-07-2019

Certificado
Certificamos que Ana Cristina Villaça participou como palestrante no evento “Soapbox Science
Brasil”, com carga horária de 7 horas, realizado na Praça Mauá e no Carrefour da Barra da Tijuca,
nos dias 20 e 21 julho de 2019.

Rio de Janeiro, 25 de julho de 2019.

Tatiana de Castro Abreu Pinto
Organizadora do evento

Appendix B

Ethics application (HREC 2015/130) for interviews with
stakeholders, including:
- Application to Human Research Ethics Committee (HREC)
- Participant Information Sheet (PIS)
- Consent to participate
- Semi-structured interview (questions)
- Approval letter for interviews
- PIS in use at the pilot and main study area data collection stage
- Consent to Participate in use at the pilot and main study area data collection
stage

Ethics application (HREC 2016/116) for walkthrough audits in
buildings, including:
- Application to Human Research Ethics Committee (HREC)
- Field risk assessment form
- Original advertisement pamphlet
- Participant Information Sheet (PIS)
- Consent to participate
- Original questionnaire survey
- Approval letter for audits
- Perspective for one-storey and two-storeys buildings
- Walkthrough audit guidelines
- Improved advertisement
- Improved questionnaire survey
- PIS in use at the pilot and main study area data collection stage
- Consent to Participate in use at the pilot and main study area data collection
stage

Ethics application (HREC 2015/130) for interviews with
stakeholders, including:
- Application to Human Research Ethics Committee (HREC)
- Participant Information Sheet (PIS)
- Consent to participate
- Semi-structured interview (questions)
- Approval letter for interviews
- PIS in use at the pilot and main study area data collection stage
- Consent to Participate in use at the pilot and main study area data collection
stage

Research Office Use Only
HE14/_____
UNIVERSITY OF WOLLONGONG/ILLAWARRA SHOALHAVEN LOCAL HEALTH DISTRICT
HUMAN RESEARCH ETHICS COMMITTEE

APPLICATION FOR APPROVAL TO UNDERTAKE
RESEARCH INVOLVING HUMAN PARTICIPANTS

A. CHECKLIST (for applicants)
Please check the Ethics web page for agenda deadlines
http://www.uow.edu.au/research/ethics/UOW009377.html and ensure this checklist is completed
before submission. Applications should be sent or delivered to:
Ethics Unit, Research Services Office
Level 1, Building 20 (North Western Entrance)
University of Wollongong NSW 2522

☒

☒
☒
☒
☒
☐
☐
☐
☐
☐
☐

Original Ethics Application plus appropriate number of copies.

Applications for the full Human Research Ethics Committee (HREC) require 17 copies PLUS
the original.

Applications to the Executive Committee of the HREC (expedited review) require only the
original.
Participant Information Sheet/Package. (Please include version number and date)
Consent Form/s. (Please include version number and date)
Copies of questionnaire/s, survey/s or interview/focus group questions. (Please include
version number and date)
Copies of all material used to inform potential participants about the research, including
advertisements and letters of invitation. (Please include version number and date)
Evidence of permission to conduct research from site managers (Not required for research
sites within NSW Department of Health at this stage)
Evidence of approval/rejection by other HRECs, including comments and requested alterations
to the protocol.
Copies of Confidentiality Agreement templates for any third parties involved in the research.
Copy of Research Contract for sponsored/contract research.
Copy of Clinical Trial Insurance Requirements Form (UOW researchers answering YES to Q.10
only)
Privacy Exemption Application (Researchers answering NO to Q.38 only)

For Clinical Trials also include:

☐
☐
☐
☐

Protocol (17 copies)
Summary Sheet (17 copies)
Budget (17 copies)
Investigator’s Brochure (6 copies)

☐
☐
☐

CTN or CTX Form (1 original copy)
Insurance Information (1 copy)
Clinical Trial Agreement (1 copy)

B. GENERAL INFORMATION
1.

DESCRIPTIVE TITLE OF PROJECT:
Upgrading Regional Commercial and Retail Buildings and Precincts: Perceptions and
Recommendations of Influencers and Decision‐Makers.

2.

7 LINE SUMMARY OF PROJECT AIMS:
The overall aim of the project is to gain an understanding of the constraints and opportunities
available to upgrade and retrofit retail and commercial buildings so as to improve the economic
and environmental sustainability performance of regional centres, and to ultimately provide
tools to assist in facilitating such upgrades.

3.

PARTICIPATING RESEARCHERS:
Summarise the qualifications and experience of all personnel who will be participating in the
project. NB: For student research a Supervisor must be the Principal Investigator.
Principal Investigator/Supervisor
Title
First Name
Professor
Paul
Email: pcooper@uow.edu.au
Phone No:
Qualifications
Position
Role in Project, relevant
research experience (if no
experience describe how
relevant experience will be
obtained)
Second Investigator
Title
Dr
Email: gkg@uow.edu.au

Family Name
Cooper

PhD, MSc, BSc(Eng)Hons
Director, Sustainable Buildings Research Centre, Faculty of
Engineering
Principal supervisor, with over 25 years of experimental
research experience in thermal measurements and modelling.
Prof Cooper also has links into a wide range of government,
industry and community organizations that will be of benefit to
the present project.
First Name
Georgios
Phone No:

Family Name
Kokogiannakis

Qualifications
Position
Role in Project, relevant
research experience (if no
experience describe how
relevant experience will be
obtained)
Third Investigator
Title
Mr
Email: mark@uow.edu.au

MSc, PhD
Lecturer
Co‐supervisor, with experimental research experience in
thermal measurements and modelling of the sustainability
performance of buildings.

Qualifications
Position

Architect
Experienced architect in the commercial building sector. Mark
Jones is also an Honorary Fellow with the Sustainable Buildings
Research Centre. Associate‐supervisor of the student.
Responsible for guiding the team in the architectural analysis
and to guarantee an adherence between the research and the

Role in Project, relevant
research experience (if no
UOW/ISLHD HREC Application Vs April 2013

First Name
Mark

Family Name
Jones
Phone No:
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experience describe how
methodology feasibility and relevance in the local context.
relevant experience will be
obtained)
Co‐Investigator/Student
Title
First Name
Family Name
Arch., M.Sc.
Ana
Villaca
Email: acvc600@uowmail.edu.au
Phone No:
Qualifications
Position

Architect, Urban Planner,
PhD student, Sustainable Buildings Research Centre, Faculty of
Engineering.
Interviewing and research analysis of interview data. Experience
in developing, collecting, and analysis of survey data obtained
during Master’s Degree in Urbanism. Further experience will be
obtained through supervision by experienced researchers.

Role in Project, relevant
research experience (if no
experience describe how
relevant experience will be
obtained)
Please add extra boxes for additional researchers

4.

CONTACT DETAILS FOR CORRESPONDENCE: (Please note that most correspondence is sent
electronically so please ensure that email addresses are included)
Name: Ana Villaça
Postal Address: Sustainable Buildings Research Centre, Squires Way, Building 237, University of
Wollongong, Innovation Campus –Wollongong ‐ NSW 2522
Email: acvc600@uowmail.edu.au
Mobile: 0432 914 668
Phone: 02 242 215 415
If principal contact is not the Principal Investigator (PI) please provide the contact details for
the PI:
Name: Professor Paul Cooper
Postal Address: Sustainable Buildings Research Centre, Squires Way, Building 237, University of
Wollongong, Innovation Campus –Wollongong ‐ NSW 2522
Email pcooper@uow.edu.au
Mobile:
Phone: 02 4221 3355

5.

EXPECTED DURATION OF RESEARCH: (Please specify as near as possible start and finish dates
for the conduct of research)
FROM: March 2015______________
TO: December 2015___

UOW/ISLHD HREC Application Vs April 2013
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6.

Purpose of project:
Indicate whether the research is one or more of the following:

☐
☐
☒

Staff Research (University of Wollongong)
Staff Research (ISLHD)
Student Research (Please specify):
Course undertaken: _Doctor of Philosophy by research
Unit/Faculty/Department: Sustainable Building Research Centre, Faculty of
Engineering
Supervisor/s: Prof. Paul Cooper, Dr. Georgios Kokogiannakis and Architect Mark
Jones

☐
7.

Other (Please specify):

HAS THIS RESEARCH PROJECT BEEN REVIEWED BY ANY OTHER INSTITUTIONAL ETHICS
COMMITTEE?
YES

☐

NO

☒

If NO go to Section C. If YES:
(a)

What committee/s has the application been submitted to?

(b)

What is the current status of this/these applications? Please include copies of all
correspondence between the sponsor or researcher and the other ethics committee/s.

C. FINANCIAL SUPPORT FOR RESEARCH
8.

WHAT IS THE SOURCE AND AMOUNT OF FUNDING FROM ALL SOURCES FOR THIS RESEARCH?
Source (Name of Organisation/Funding Scheme)

Amount
$200

SBRC operating funds (nominal amount to cover travel if required)

For sponsored research please include the budget for the trial including information about
capitation fees, payments to researchers, institutions or organisations involved in the
research, current and consequential costs and costs which may be incurred by participants. If
the research is sponsored:
(a)

Is there any affiliation/association or financial interest between the researcher/s
associated with this research and the sponsor/funding body/supplier of a drug, surgical
device or other therapeutic device to be used in the study?
YES

☐

NO

☒

UOW/ISLHD HREC Application Vs April 2013
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If YES please detail.

(b)

Are there any conditions placed on this research by the funding body?
YES

☐

NO

☐

If YES, please provide details and provide a copy of the contract/letter of agreement
with the funding organisation detailing the terms on which the research is being
supported.

(c)

Is a copy of the HREC approval to be forwarded to the granting body?
YES

☐

NO

☐

If YES, please advise of any deadlines. First report to be send by PhD candidate

D. RESEARCH METHODS
9.

RESEARCH CATEGORIES:
Please mark the research categories relevant to this research proposal. At least one category
should be marked for each grouping. You should mark as many categories as are relevant to
the proposed research. For OTHER please specify.
(a)

☐
☐
☐
☐
☐
☐
☐
☒
☐
☐
☐
☐
☐
☐
☐
(b)

RESEARCH PROCEDURES USED:
Anonymous questionnaires/surveys
Coded (potentially identifiable) questionnaires/surveys
Identifiable questionnaires/surveys
Examination of student work, journals etc.
Examination of medical, educational, personnel or other confidential records
Observation (overt)
Observation (covert)
Interviews (structured or unstructured)
Telephone interviews
Procedures involving physical experiments (eg exercise, reacting to computer images)
Procedures involving administration of substances (eg drugs, alcohol, food)
Physical examination of participants (eg blood glucose, blood pressure and temperature
monitoring)
Collection of body tissues or fluid samples
Surgical procedures
Other
RESEARCH AREAS:

UOW/ISLHD HREC Application Vs April 2013
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☒
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
10.

Qualitative research
Social science research
Humanities research
Educational research
Health research
Psychological research
Comparison or evaluation of drugs, surgical or other therapeutic devices
Comparison or evaluation of clinical procedures
Comparison or evaluation of counselling or training methods
Investigation of the effects of an agent (drug or other substance)
Investigation of biomechanical processes
Biomedical research
Epidemiology
Genetic research
Other ___________________________________________

DOES THE PROJECT INVOLVE THE USE OF DRUGS, A SURGICAL DEVICE, A THERAPEUTIC
INTERVENTION OR A PHYSIOLOGICAL TRIAL?
YES

☐

NO

☒

If NO go to Q.11.
If YES:
(a) Please give details of the type of intervention and provide evidence that appropriate
indemnity and compensation arrangements are in place to ensure adequate
compensation to participants for any injury suffered as a result of participation in the
trial (indemnification forms). If the research is being undertaken in a private practice
please provide evidence of adequate and appropriate insurance coverage.
(b) Is the research registered:

☐
☐
☐
☐
11.

As a CTN Trial with the TGA
As a CTX Trial with the TGA
On any national or international clinical trial registers
Other (please detail) ____________________________________

RESEARCH DESIGN AND JUSTIFICATION:
Describe what you want participants to do and justify the design. Please provide an
explanation in terms that can be understood by a non‐expert reader. A flow chart or other
diagram illustrating the sequence of research activities should be included if possible. For

UOW/ISLHD HREC Application Vs April 2013
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research involving a treatment or physical intervention (e.g. clinical studies, physiological
trials, mental health interventions) a protocol should be provided.
The overall aim of the project is to gain an understanding of the constraints and opportunities
available to upgrade and retrofit retail and commercial buildings so as to improve the economic
and environmental sustainability performance of regional centres, and to ultimately provide
tools to assist in facilitating such upgrades.
Leader and ‘influencers’, i.e. people involved in some way in the development, operation and
maintenance of buildings/precincts in a regional centre, will be invited to participate in a semi‐
structured informal interview with one of the research team. They will be asked for their
thoughts on and perceptions of topics such as: current building management scenarios in
regions such as the Illawarra, barriers and opportunities to revitalization of buildings and
precincts, market drivers, technical approaches to refurbishment projects, building regulations,
funding opportunities, public policies, etc.

12.

STATISTICAL DESIGN:
Any research project that involves the collection of data should be designed so that it is
capable of providing information that can be analysed to achieve the aims of the project.
Usually, although not always, this will involve various important statistical issues and so it is
important that the design and analysis be properly planned in the early stages of the project.
You should seek statistical advice. The University of Wollongong has a Statistical Consulting
Service that provides such advice to research students and staff undertaking research. Are
statistical issues relevant to this project?
YES

☐

NO

☒

If NO go to Q.13.
If YES:
(a) Have you discussed this project with the Statistical Consulting Service or any other
statistical advisor?
YES

☐

NO

☐

If NO, please explain why not.
(b)

Provide the calculations used to determine the appropriate sample size. If no power
calculations have been done please explain the reason for choosing the sample size.

E.

ETHICAL CONSIDERATIONS

13.

What are the ethical considerations relevant to the proposed research, specifically in relation
to the participants’ welfare, rights, beliefs, perceptions, customs and cultural heritage? How
has the research design addressed these considerations? Consideration should be at both
individual and collective levels.
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The main ethical issues in this project are informed consent and confidentiality. The relevant
data to be collected will not compromise the privacy of the participants. However, participants
will be advised and assured that they may choose not to participate at any time if they so wish.

F.

RISKS AND BENEFITS

14.

Does the project involve the risk of emotional distress or physical harm, or the use of invasive
procedures (eg blood sampling)?
YES

☐

NO

☒

If YES:
(a) What are the risks?
(b)

15.

Explain how the risks of harm or distress will be minimised. In the case of risks of
emotional distress, what provisions have been made for an exit interview or the
necessity of counselling?

Is information about criminal activity likely to be revealed during the study?
YES

☐

NO

☒

If YES, have you included a caution regarding any relevant mandatory reporting requirements
in the Participant Information Sheet?

16.

Detail the expected benefits of the study to the participants and/or the wider community.
This study aims to better characterise the commercial and retail building stock in order to
improve the quality of information on this sector. Collectively, the interviews will provide the
basis for and evidence on how buildings/precincts in regional centres may be improved via
refurbishment/retrofitting.

G. PARTICIPANTS
17.

MARK THE CATEGORIES RELEVANT TO THIS PROPOSAL:

☒
☐
☐
☐
☐
☐
☐
☐
☐
☐

Healthy members of the community
University students
Employees of a specific company/organisation
Members of a specific community group, club or association
Clients of a service provider
Health Service clients (eg users/clients of a Health Service)
School children
Hospital in‐patients
Clinical clients (eg patients)
Aboriginal/Torres Strait Islander people
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☐
☐
☐
18.

Cadavers/cadaveric organs
Other (please specify) ________________________________________

EXPECTED AGE/S OF PARTICIPANTS ‐ PLEASE MARK ONE OR MORE

☐
☐
☒
19.

Members of socially disadvantaged groups

Children (under 14 years)
Young people (14‐18 years)
Adults (> 18 years)

What is the rationale for selecting participants from this/these group/s?
Potential participants will be adults involved in the commercial and retail buildings sector,
mostly influencers in the field of property management, investments, building renovations and
maintenance, experts in commercial building retrofits, or policy makers to this sector. They will
all be adults.

H. RECRUITMENT
20.

How will potential participants be approached initially and informed about the project? For
example, direct approach to people on the street, mail‐out to potential participants through
an organisation, posters or newspaper advertisements etc. Please explain in detail and
include copies of any letters, advertisements or other recruitment information.
Potential participants will be initially contacted via email or phone and then provided with a
briefing on the project and given the Participant Information Sheet (documents attached). They
are then free to reply to the invitation and arrange an interview, indicating consent to be
involved, or to ignore the invitation.

21.

Where will potential participants be approached by the researchers to seek their participation
in the research, and where will research activities involving participants be conducted?
As stated in Section 20 above, potential participants will be first approached, informed and
invited by e‐mail or phone, so they can consider participation requirements before signing a
copy of the consent form at the beginning of the interview. If the invitation is accepted and the
potential participant agrees to be interviewed, a semi‐structured interview will be conducted at
the most convenient place for the participant (i.e. at their workplace, at the SBRC’s meeting
room or via teleconference).

22.

How many participants in total do you anticipate will be involved in the project? If the
research has several stages and/or groups of participants, please provide the total number of
participants expected as well as the number and participant group involved in each stage.
It is expected that at least 10 influencers will be interviewed.

I.

CONSENT PROCESS

UOW/ISLHD HREC Application Vs April 2013

Page 9 of 15

Generally the consent of participants must be obtained prior to conducting research. If you
do not intend to seek people’s permission to use information about them which may be
identifying, you may need an exemption from State and Federal Privacy requirements. This is
addressed in Section J.
Attach copies of any letters of invitation, information packages, consent forms,
proxy/substitute consent forms, debriefing information, identification cards, contact details
cards, etc and ensure they include a version number and date.

23.

Will consent for participation be obtained from participants or their legal guardians?
YES

☒

NO

☐

If NO, go to Q.31.

24.

How will consent for participation be obtained?

☒
☒
☐
☐
☐

In writing
Verbally
Tacit (For example, indicated by completion and return of survey)
Other (please specify) __________________________________
Consent not being sought

Please explain why the method chosen is the most appropriate and ethical.
In the case of interviews in person, written consent indicates that the participant has been
provided with specific detailed information about the research’s project. A written consent just
before the beginning of the interview is the best way to have this permission registered. In the
case of interviews conducted by phone or Skype the interviewee will be asked for verbal
consent at the start of the interview.

25.

Is it anticipated that all participants will have the capacity to consent to their participation in
the research?
YES ☒
NO ☐
If NO, please explain why not (eg children, incompetent participants etc) and explain how
proxy or substitute consent will be obtained from the person with legal authority to consent
on behalf of the participant.

26.

For participants who have the capacity to consent, how does the process ensure that
informed consent is freely obtained from the participant?
Potential participants will be free to choose whether to reply to the researchers’ initial approach
for an interview. The research briefing, the PIS and a consent form will be provided to potential
participants prior to the interview, ensuring that the participant has enough information on the
research and that he/she is free to accept or decline to participate at any time. The participant
will be informed that there will not be any adverse effects if they withdraw their consent and
that this will not affect their relationship with the University of Wollongong or any of the
research members. They will also be informed that their identity will be protected when the
research progresses further with the publication of its results and findings.

27.

Are any participants in a dependant relationship with the researcher, the institution or the
funding body (eg, the researcher’s clinical clients or students; employees of the institution;
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recipients of services provided by the funding body)? If so, what steps will be taken to ensure
that participants are free to participate or refuse to participate in the research without
prejudice or disadvantage?
This situation is not anticipated to occur. However, any personal or professional contacts of the
research team would be provided with the PIS and consent form and time to consider the
project requirements before deciding whether or not to participate.

28.

How does the project address the participants’ freedom to discontinue participation? Will
there be any adverse effects on participants if they withdraw their consent and will they be
able to withdraw data concerning themselves if they withdraw their consent?
The potential participants will receive a copy of the participant’s consent form where it is stated
that the participant will not suffer any adverse effects if they withdraw their consent. If
participants withdraw their consent during the project, they will be able to withdraw data
concerning themselves, their buildings or businesses.

29.

Does the project involve withholding relevant information from participants or deceiving
them about some aspect of the research?
YES

☐

NO

☒

If YES, what is the justification for this withholding or deception and what steps will be taken
to protect the participants’ interest in having full information about their participation?

30.

Will participants be paid or offered any form of reward or benefit (monetary or otherwise) for
participation in the research? If so, please detail and provide a justification for the payment,
reward or benefit.
No.

J.

CONFIDENTIALITY AND PRIVACY

31.

How will the privacy of individual subjects be protected when recording and analysing the
data?

All the information necessary for the research analysis is directly related to buildings, their
design, construction, the systems within these buildings and the type of activity developed in
their interiors. Interviewees will not be identified by their names, unless their written
permission is given. Participants will be asked to give their written consent as to whether they
are willing to be directly quoted in publications, using either their real name or a pseudonym. A
contact list with participants’ real names, contact and address details, and pseudonyms, will be
kept separate to other recordings and data, and will be safely archived on a special sharedrive
set up on the SBRC sharedrive system with access only provided to the research team, and in
accordance with UOW data archiving policies.
32.

Will information collected from data or interview be published or reported?
YES

☒

NO

☐

If YES, what form will this take? All uses of data must be explicitly consented to.
UOW/ISLHD HREC Application Vs April 2013
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This data collection will be analysed and the information and findings will compose part of the
PhD candidate’s research report. This data is also likely to illustrated and support the partial
results reports from this research to be published in peer‐reviewed journals, academic and non‐
academic papers, book chapters, general reports, lectures and other media.
33.

Will any part of the research activities be placed on a visual or audio recording (eg digital
audio/visual recordings or photographs)?
YES

☒

NO

☐

If YES:
(a) What will the recording be used for?
Interviews will be audio‐taped. These will be transcribed, coded and analysed. Excerpts
may also be used for illustrative purposes in the follow‐up analysis and final
publications/reports.
(b)

34.

Data (including questionnaires, surveys, computer data, audio/visual digital recordings,
transcripts and specimens) must be securely stored at all times. Where will the data be held
and who will have access to it? (Please include building and room numbers if relevant)
(a) During the project?
All research team members will have access to the data and are equally responsible for its
safety. Soft copy data will be securely stored on the SBRC computer system, on a
sharedrive that can only be accessed by the research team members. Hard copy data and
portable storage devices, such as USB drives or external hard disks, will be stored securely
in a locked cabinet at SBRC. During data transportation (e.g. from interviewee work place
to SBRC building) the researchers will ensure that they will keep this data with them only.
(b)

35.

Who will see/hear the recording?
Only members of the research team will have access to the recordings.

On completion of the project?
When this project is finished, data will be stored securely and archived according to UOW
archiving policies. Any hard copies will be stored at the Sustainable Building Research
Centre in a locked cabinet.

Data should be held securely for a minimum of 5 years (15 years for clinical research) after
completion of the research. How long will the data be stored for? If it is not being stored,
please provide an ethical justification for this.
Data will be stored securely and archived according to UOW archiving policies (for a minimum of
5 years).

36.

Does this project involve obtaining identifiable information (eg, data) from a third party
without prior consent from the participant or their legal guardian?

☐

☒

NO
YES
If NO, you have completed the questionnaire. Please ensure that the form has all the
appropriate signatures and attachments and complete checklist before submission.
If YES, go to Question 37.
37.

Who will be providing the information? Please include copies of any correspondence
regarding permission to access this information from a responsible officer of the agency.

38.

Will the information be de‐identified during collection, use or disclosure?
YES

☐

NO

☐
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If NO, you must apply for an exemption to the State and Federal Privacy Acts. Please
complete the Privacy Exemption Application Form available from the Forms section of the
Ethics web page.
If YES:
(a) Who will be de‐identifying the information? Is this a person who would normally have
access to the information?
(b)

How and when will the data be de‐identified?
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NOTE: RESEARCH MUST NOT COMMENCE UNTIL THE APPLICATION
HAS BEEN APPROVED BY THE HREC
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PARTICIPATION INFORMATION SHEET FOR INTERVIEWS
TITLE: Upgrading Regional Commercial and Retail Buildings and Precincts:
Perceptions and Recommendations of Influencers and Decision‐Makers
PURPOSE OF THE PROJECT
The overall aim of the project is to gain an understanding of the constraints and opportunities
available to upgrade and retrofit retail and commercial buildings so as to improve the economic and
environmental sustainability performance of regional centres, and to ultimately provide tools to
assist in facilitating such upgrades.
As a leader and ‘influencer’, i.e. someone involved in some way in the development, operation and
maintenance of buildings/precincts in a regional centre, you are invited to participate in a semi‐
structured informal interview with one of our research team. You will be asked for your thoughts on
and perceptions of topics such as: current building management scenarios in regions such as the
Illawarra, barriers and opportunities to revitalization of buildings and precincts, market drivers,
technical approaches to refurbishment projects, building regulations, funding opportunities, public
policies, etc.
INVESTIGATORS
Prof Paul Cooper,
Director,
Sustainable Buildings
Research Centre
(SBRC)

Dr Georgios
Kokogiannakis,
Senior Lecturer,
SBRC

Mark Jones,
Principal,
Architects Edmiston
Jones Architects

gkg@uow.edu.au

mark@aej.com.au

Ana Villaça
PhD Candidate
SBRC
acvc600@uowmail.edu.au

pcooper@uow.edu.au
METHODS AND DEMANDS ON PARTICIPANTS: Participation involves an informal interview that will
take between 30 and 40 minutes. The questions are about the Illawarra commercial and retail
building stock, the practices and points of view of key people in this area, and the regulations and
public policies in this sector. Nothing that may identify you personally will be published, all
responses will be de‐identified. Your involvement in the study is voluntary and you may withdraw
your participation and/or any data that you have provided until 30th June 2015. After this time de‐
identified data will be analysed to generate information. Relevant information to the research’s
findings may be published.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS: The main inconvenience is the relatively
short time involved in participating in the interview. Data will be securely stored at the University of
Wollongong according to the university’s archiving policy. I you decline to participate in the study or
withdraw from the project at any time, this will not affect your relationship with the University of
Wollongong in any way.
ETHICS REVIEW AND COMPLAINT: If you have any enquiries about the project or wish to withdraw
your consent please contact Ana Villaça (0432 914 668; acvc600@uowmail.edu.au). This study has
been reviewed by the Social Sciences Human Research Ethics Committee of the University of
Wollongong. Please note that after 30th June 2015 you will no longer be able to withdraw your
consent as the data collected may have been published. If you have any concerns or complaints
regarding the way this research has been conducted, you can contact the University of Wollongong
Ethics Officer on (02) 4221 3386 or email rso‐ethics@uow.edu.au.

Thank you! Your interest in this study is greatly appreciated.

CONSENT TO PARTICIPATE IN INTERVIEW
Upgrading Regional Commercial and Retail Buildings and Precincts: Perceptions and
Recommendations of Influencers and Decision‐Makers
Ana Villaça, Paul Cooper, Georgios Kokogiannakis, Mark Jones
Sustainable Building Research Centre
You have been asked to participate in a PhD research study conducted by PhD candidate Ana Villaça
from the Sustainable Buildings Research Centre (SBRC) at the University of Wollongong. The purpose
of the study is:
a) to gain a better understanding of the current performance of retail and commercial buildings in
regional centres;
b) to identify the constraints and opportunities for refurbishment and retrofit of buildings in this
sector;
c) to find out how stakeholders (such as building owners, tenants, council, real estate agencies,
consultants) approach the issue of upgrading existing buildings in this sector, and what
processes they might use; and
d) to identify the most important architectural, engineering and economic parameters involved.
You were selected as a possible participant in this study as a key stakeholder in the field of
commercial and retail buildings, or policy maker. Please read the information below, and ask about
anything that you do not understand, before deciding whether or not to participate.
 This interview should take about 30‐40 minutes and is voluntary. You have the right not to
answer any question, and to stop the interview at any time or for any reason.
 Unless you give us permission to use your name, title, and/or quote you in any publications
that may result from this research, the information you tell us will be confidential.
 This interview may be recorded for future use as a reference while proceeding with this
study. If you do not grant permission this conversation will not be recorded. You have the
right to revoke recording permission and/or end the interview at any time.
I understand that my participation in this research is voluntary and I am free to withdraw from the
research at any time. My withdrawal from participation will not impact my relationship with the
University of Wollongong. I understand the procedures described above. My questions have been
answered to my satisfaction, and I agree to participate in this study. I have been given a copy of this
form.
(Please check all that apply)
I give permission for this interview to be recorded.
I give permission for the following information to be included in publications resulting from this
study:
my name

my title

...............................................
Signed

direct quotes from this interview
...../....../.......
Date

images from the building

.......................................................................
Name (please print)

Please contact Ana Villaça (0432914668, acvc600@uowmail.edu.au) or Paul Cooper (02 4221 3355;
pcooper@uow.edu.au) with any questions or concerns. If you have any concerns or complaints
regarding the way the research is or has been conducted, you can contact the Ethics Officer, Human
Research Ethics Committee, Office of Research, University of Wollongong on 4221 3386 or email rso‐
ethics@uow.edu.au.

Upgrading Regional Commercial and Retail Buildings and Precincts: Perceptions and
Recommendations of Influencers and Decision‐Makers.
Ana Villaça, Paul Cooper, Georgios Kokogiannakis, Mark Jones

Semi‐structured Interviews with Influencers and Decision Makers
Research briefing ‐ background information to be provided at start of interview.
As you are probably aware refurbishment and retrofitting is a very important strategy to improve
the environmental performance of a building. Our existing building stock is only added to or
replaced by new buildings at a rate of about 2% a year, so refurbishment of the existing stock is
extremely important to ensure that energy consumption and cost, and environmental impacts are
rapidly diminished in our built environment.
Our research project is aimed at facilitating an integrated approach to the upgrading of buildings in
regional centres in terms of energy efficiency, greenhouse gas emissions, water and site
management. Ultimately we are seeking:
(i)
to gain a better understanding of the current performance of retail and commercial
buildings in regional centres such as [mention local centre, e.g. Wollongong];
(ii)
to identify the constraints and opportunities for refurbishment and retrofit of buildings
in this sector;
(iii)
to find out how stakeholders (such as building owners, tenants, council, real estate
agencies, consultants) approach the issue of upgrading existing buildings in this sector,
and what processes they might use; and
(iv)
to identify the most important architectural, engineering and economic parameters
involved.
The expected outputs of this research are:
a) development of a commercial and retail building performance benchmark for the Illawarra
and possibly other regions;
b) a methodology (or tool) to identify an ideal retrofit strategy to each building or precinct; and
c) a visual/graphical tool to guide building owners, tenants and architecture, engineering and
construction (AEC) professionals during the retrofit decision‐making process.

For the purposes of our discussion today please consider ‘retrofit’ as any refurbishment,
renovation, fit‐out or other initiative taken to improve an existing building to improve functionality
and economic performance while reducing energy demands, waste generation and improving
factors such as indoor air quality, thermal comfort, water and site management.
We are also particularly interested in buildings and precincts that of a moderate size, for example
up to four storeys high, rather than major shopping malls and high‐rise commercial buildings.
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Upgrading Regional Commercial and Retail Buildings and Precincts: Perceptions and
Recommendations of Influencers and Decision‐Makers.
Ana Villaça, Paul Cooper, Georgios Kokogiannakis, Mark Jones

Interview:
1) In which ways is your organization/company involved in the building sector and what is your
personal role?

2) How do you think the current building stock in Wollongong [or other centre], in the retail
and commercial building sectors, compares with that in other regional centres.

3) What do feel are the key issues that are currently influencing the rate of upgrading of
buildings in regional centres such as Wollongong?

4) Are you familiar with any relatively recent building upgrades in the retail or commercial
sector in this region? Perhaps you could tell me some of the details of these upgrades and
your thoughts on how successful they were.

5) Could you tell me about some of the incentives, tools or mechanisms for building upgrades
or retrofitting that you are aware of please, and how useful you think they are.

6) What do you think that are the main drivers to upgrades in the commercial and retail
building sector in this region?

7) What do you think are the main constraints limiting the potential for upgrades in the
commercial and retail building sector in this region?

8) Are there any other major issues that you think the research team should focus on in their
efforts to facilitate better economic, social and environmental outcomes from upgrades to
buildings and precinct in this region?

Closing remarks, e.g.:
a) thank the participant for their valuable time; and
b) ask them if they would like to be kept in touch with the progress of the research, etc.
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APPROVAL LETTER
In reply please quote: HE15/130

9 April 2015
Ms Ana Villaca
SBRC
Innovation Campus
University of Wollongong
Dear Ms Villaca,
Thank you for your response dated 7/04/15 to the HREC review of the application detailed
below. I am pleased to advise that the application has been approved.
Ethics Number:

HE15/130

Project Title:

Upgrading Regional Commercial and Retail Buildings and
Precincts: Perceptions and Recommendations of Influencers and
Decision-Maker

Researchers:

Ms Ana Villaca, Professor Paul Cooper, Dr Georgios
Kokogiannakis, Mr Mark Jones

Approval Date:

9 April 2015

Expiry Date:

8 April 2016

The University of Wollongong/Illawarra Shoalhaven Local Health District Social Sciences HREC
is constituted and functions in accordance with the NHMRC National Statement on Ethical
Conduct in Human Research. The HREC has reviewed the research proposal for compliance
with the National Statement and approval of this project is conditional upon your continuing
compliance with this document.
Approval by the HREC is for a twelve month period. Further extension will be considered on
receipt of a progress report prior to expiry date. Continuing approval requires:






The submission of a progress report annually and on completion of your project. The
progress report template is available at
http://www.uow.edu.au/research/ethics/human/index.html. This report must be
completed, signed by the researchers and the appropriate Head of Unit, and returned to
the Research Services Office prior to the expiry date.
Approval by the HREC of any proposed changes to the protocol including changes to
investigators involved
Immediate report of serious or unexpected adverse effects on participants
Immediate report of unforeseen events that might affect continued ethical acceptability of
the project.

If you have any queries regarding the HREC review process, please contact the Ethics Unit on
phone 4221 3386 or email rso-ethics@uow.edu.au.

Ethics Unit, Research Services Office
University of Wollongong NSW 2522 Australia
Telephone (02) 4221 3386 Facsimile (02) 4221 4338
Email: rso-ethics@uow.edu.au Web: www.uow.edu.au

Yours sincerely

Associate Professor Melanie Randle
Chair, UOW Social Sciences
Human Research Ethics Committee

PARTICIPATION INFORMATION SHEET FOR INTERVIEWS
TITLE: Upgrading Regional Commercial and Retail Buildings and Precincts:
Perceptions and Recommendations of Influencers and Decision-Makers
PURPOSE OF THE PROJECT
The overall aim of the project is to gain an understanding of the constraints and opportunities
available to upgrade and retrofit retail and commercial buildings so as to improve the economic and
environmental sustainability performance of regional centres, and to ultimately provide tools to
assist in facilitating such upgrades.
As a leader and ‘influencer’, i.e. someone involved in some way in the development, operation and
maintenance of buildings/precincts in a regional centre, you are invited to participate in a semistructured informal interview with one of our research team. You will be asked for your thoughts on
and perceptions of topics such as: current building management scenarios in regions such as the
Illawarra, barriers and opportunities to revitalization of buildings and precincts, market drivers,
technical approaches to refurbishment projects, building regulations, funding opportunities, public
policies, etc.
INVESTIGATORS
Prof Paul Cooper,
Director,
Sustainable Buildings
Research Centre
(SBRC)
02 4221 3355
pcooper@uow.edu.au

Dr Emma Heffernan,
Research Fellow,
Sustainable Buildings
Research Centre
(SBRC)
02 4221 8111
eheffern@uow.edu.au

Prof Tim McCarthy,
Senior Lecturer,
Sustainable Buildings
Research Centre
(SBRC)
02 4221 4591
timmc@uow.edu.au

Mrs Ana Villaça M.Sc.
PhD Candidate,
Sustainable Buildings
Research Centre
(SBRC)
0432 914 668
acvc600@uowmail.edu.au

METHODS AND DEMANDS ON PARTICIPANTS: Participation involves an informal interview that will
take between 30 and 40 minutes. The questions are about the Illawarra commercial and retail
building stock, the practices and points of view of key people in this area, and the regulations and
public policies in this sector. Nothing that may identify you personally will be published, all
responses will be de-identified. Your involvement in the study is voluntary and you may withdraw
your participation and/or any data that you have provided until 20th December 2017. After this time
de-identified data will be analysed to generate information. Relevant information to the research’s
findings may be published.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS: The main inconvenience is the relatively
short time involved in participating in the interview. Data will be securely stored at the University of
Wollongong according to the university’s archiving policy. I you decline to participate in the study or
withdraw from the project at any time, this will not affect your relationship with the University of
Wollongong in any way.
ETHICS REVIEW AND COMPLAINTS: If you have any enquiries about the project or wish to withdraw
your consent please contact Ana Villaça (0432 914 668; acvc600@uowmail.edu.au). This study has
been reviewed by the Social Sciences Human Research Ethics Committee of the University of
Wollongong. Please note that after 20th December 2017 you will no longer be able to withdraw your
consent as the data collected may have been published. If you have any concerns or complaints
regarding the way this research has been conducted, you can contact the University of Wollongong
Ethics Officer on (02) 4221 3386 or email rso-ethics@uow.edu.au.

Thank you! Your interest in this study is greatly appreciated.

CONSENT TO PARTICIPATE IN INTERVIEW
Semi-structured conversational interviews with influencers in the Illawarra building sector
Ana Villaça, Paul Cooper, Emma Heffernan, Tim McCarthy
Sustainable Buildings Research Centre
You have been asked to participate in a PhD research study conducted by PhD candidate Ana Villaça
from the Sustainable Building Research Centre (SBRC) at the University of Wollongong. The purpose
of the study is:
• to gain an understanding of the typology and characteristics of the commercial and retail
building stock in the Illawarra
• to relate the building characteristics with the building’s operation, maintenance and
retrofitting patterns,
• to better understand the role each stakeholder plays in the process of retrofitting, in
particular with regard to commercial and retail buildings.
You were selected as a possible participant in this study as a key stakeholder in the field of
commercial and retail buildings, or policy maker. Please read the information below, and ask about
anything that you do not understand, before deciding whether or not to participate.
•
•
•
•
•

This interview should take about 30-40 minutes and is voluntary. You have the right not to
answer any question, and to stop the interview at any time or for any reason.
Unless you give us permission to use your name, title, and/or quote you in any publications
that may result from this research, the information you tell us will be confidential.
This interview may be recorded for use as a reference while proceeding with this study. If
you do grant permission this conversation will not be recorded. You have the right to revoke
recording permission and/or end the interview at any time.
I understand that my participation in this research is voluntary; I am free to withdraw from
the research at any time. My withdrawal from participation will not impact my relationship
with the University of Wollongong.
I understand the procedures described above. My questions have been answered to my
satisfaction, and I agree to participate in this study. I have been given a copy of this form.

(Please check all that apply)
I give permission for this interview to be recorded.
I give permission for the following information to be included in publications resulting from this
study:
my name

my title

...............................................
Signed

direct quotes from this interview
...../....../.......
Date

images from the building

.......................................................................
Name (please print)

Please contact Ana Villaça (0432914668, acvc600@uowmail.edu.au) or Paul Cooper (02 4221 3355;
pcooper@uow.edu.au) with any questions or concerns. If you have any concerns or complaints
regarding the way the research is or has been conducted, you can contact the Ethics Officer, Human
Research Ethics Committee, Office of Research, University of Wollongong on 4221 3386 or email rsoethics@uow.edu.au.

Ethics application (HREC 2016/116) for walkthrough audits in buildings,
including:
- Application to Human Research Ethics Committee (HREC)
- Field risk assessment form
- Original advertisement pamphlet
- Participant Information Sheet (PIS)
- Consent to participate
- Original questionnaire survey
- Approval letter for audits
- Perspective for one-storey and two-storeys buildings
- Walkthrough audit guidelines
- Improved advertisement
- Improved questionnaire survey
- PIS in use at the pilot and main study area data collection stage
- Consent to Participate in use at the pilot and main study area data collection
stage

APPROVAL after review
In reply please quote: HE16/116
Further Enquiries Phone: 4221 3386

5 April 2016
Professor Paul Cooper
Sustainable Buildings Research Centre
Squires Way, Innovation Campus
University of Wollongong

Dear Professor Cooper
Thank you for your letter responding to the HREC review letter. I am pleased to advise that the Human
Research Ethics application referred to below has been approved.
Ethics Number:

HE16/116

Project Title:

Sustainability and Energy Performance Audit of Small Shops and Offices
in Regional Centres

Researchers:

Professor Paul Cooper, Professor Timothy McCarthy, Mr Mark Jones,
Ms Ana Villaca

Documents Approved:
Initial Ethics Application
Advertisement V1 - 21/03/2016
Participant Information Sheet V1 - 21/03/2016
Occupants Questionnaire V1 - 21/03/2016
Response dated 31/03/2016
Consent for Participant V2 - 31/03/2016
Approval Date:

5 April 2016

Expiry Date:

4 April 2017

The University of Wollongong/Illawarra Shoalhaven Local Health District Social Sciences HREC is
constituted and functions in accordance with the NHMRC National Statement on Ethical Conduct in
Human Research. The HREC has reviewed the research proposal for compliance with the National
Statement and approval of this project is conditional upon your continuing compliance with this
document.

Ethics Unit, Research Services Office
University of Wollongong NSW 2522 Australia
Telephone (02) 4221 3386
Email: rso-ethics@uow.edu.au Web: www.uow.edu.au

A condition of approval by the HREC is the submission of a progress report annually and a final report
on completion of your project. The progress report template is available at http://www.uow.edu.
au/research/rso/ethics/UOW009385.html. This report must be completed, signed by the appropriate
Head of School, and returned to the Research Services Office prior to the expiry date.
As evidence of continuing compliance, the Human Research Ethics Committee also requires that
researchers immediately report:
•
proposed changes to the protocol including changes to investigators involved
•
serious or unexpected adverse effects on participants
•
unforseen events that might affect continued ethical acceptability of the project.
Please note that approvals are granted for a twelve month period. Further extension will be considered
on receipt of a progress report prior to expiry date.
If you have any queries regarding the HREC review process, please contact the Ethics Unit on phone
4221 3386 or email rso-ethics@uow.edu.au.

Yours sincerely

Associate Professor Melanie Randle
Chair, Social Sciences
Human Research Ethics Committee

Ethics Unit, Research Services Office
University of Wollongong NSW 2522 Australia
Telephone (02) 4221 3386
Email: rso-ethics@uow.edu.au Web: www.uow.edu.au

Sustainability upgrades in small commercial and retail buildings in regional centres

Ana Villaca

Walkthrough Audit Guidelines
Planning the approach to engaging people and their buildings
1- The approach to occupants to identify potential collaborators will be, preferentially, in person,
but may also occur letter or telephone. The researcher will always be followed by another
person, during audits, and always during the commercial opening/working hours.
2- The researchers will approach the responsible person in a commercial building, explain the
project/ study and demonstrate how it is important both for the community and the individual
benefits. Then will ask for collaboration allowing data collection, photographic registration of
the interior of the building, to fill in a questionnaire and to provide the last utility bills.
Research will ask about the most convenient day and time to further explain the actions and
objectives of the project and give the potential participant the “Participant Information Sheet”
(PIS), with the summary of the research, detailed information about the kind of data that will
be collected and how it will be used in the research. It also explains how the owners; the
occupants and the business can benefit from this research. This study is comprised of two
parts, the walking through audit and the questionnaire survey. If the time is not convenient
for the participant, suggest an appointment in another day and time. Show in the PIS the
contact numbers and email addresses of the research team, in the case of any doubt. Thank
for their time and attention, even in the face of a negative answer. Potential participants
should be asked if they want to receive the analysis from the data collected.

3- If the potential participant agrees to participate in the research, the “Participant Consent
Sheet” (PCS) should be signed as a written consent, and researcher should ask for the most
convenient time for the audit to be carried out.

Preparing the walkthrough audit
4- In the office, print the building floor plans from Council (if available), or print the scaled shape
of the building from Google Earth, Street View, or any other resource that can easy the audit.
5- Make sure to carry all the necessary equipment as e.g. audit forms, notebook, voice recorder,
a digital camera with zoom, laser distance measurer, torch, and white paper for note-taking.
6- Also protective equipment and weargears should be considered: enclosed shoes, hat,
sunscreen, a bottle of water, earplugs, goggles, and a mask.
7- Make sure that the risk mitigation actions are put into practice and arrive a few minutes
before the agreed time.

Audit walkthrough method
8- When entering the building, certify to be introduced to all staff/employees in the building and
make everybody knows what will be happening in the next half an hour or so. Ask the
responsible for the building to sign the Consent to participate in the research, if it was not
1
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already done. Regarding the survey, ask the occupants (employees or consumers) to sign a
consent to participate in the research, and give each one a questionnaire. Make it clear that
the questionnaire should be preferably filled in while the researcher is in the premises, so
eventual doubts can be easily clarified. Make notes on the overall aspect of the building
(external and internal). Estimate an age.
Inside the building, with the –board- in hands, start by drawing the perimeter of the room
and register:
- the door and windows location and dimensions (is it possible to measure them?),
- Identify the windows system and if there is any shadowing device (e.g. awning, shutters,
or others)
Register the lighting fixtures location quantity and type, (count number of lamps (type,
system, faults) in each room, as well as the height it is installed.
Register the location, quantity and type of the power points and switch board. If possible to
assess, check if the circuits are balanced. Is there a switch for each circuit? Identify any
visually detectable fault in the electrical system.
- Register the existence of HVAC or artificial ventilation, location and type.
Is there any other system? Lift? Compressor? Observe the overall construction, existent
equipment and the way they are operated and maintained.
- the colours and finishing materials for walls, ceiling, floor, windows and doors,
- what is the end-use of the room (habitable? Non-habitable?), number of occupants and
occupancy schedule.
This procedure should be repeated for all rooms on the building, using one sheet to each
room. The walkthrough audit should follow the order to fill as much as possible the Building
Audit Tool.
Before leaving the building check if all the information available is registered in the forms.
Make sure all the notes were taken appropriately and all the equipment used were collected.
Collect the occupant's survey forms if already filled or arrange to collect it latter.
Thank all the occupants for their time and participation in the research.

After the walkthrough
Back to the office, the data collected should be transferred to a secure computer and systematically
organised, so it can be latter analysed. All the data registered on the blank sheet should be translated
in data in the “data analysis sheet” so it can be compared and analysed to identify trends and clusters.
Survey with occupants
1- The survey is complementary to the building measurements and focuses on the occupant’s
experience within the building and surrounding areas.
2- If more than one occupant is willing to participate in the same building, one form is to be
completed by each of the occupants.
After all information is gathered, each building in a file and all the buildings in the sample,
including the responses from the questionnaires, then will start the data analysis. Which will
consist of the analysis of the physical characteristics of the building considering also the
opinion of the occupants stated in the ‘Occupants questionnaire’
-

Register energy bill to start a benchmark
2
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Identify visible faults and determine the obsolescence level. Define criteria for
obsolescence.
Identify potential savings through low-cost/ no-cost measures _create checklist
List potential capital improvements that meant further consideration
Check if use change affects efficiency.
Estimate efficiency according to building type + business type + estimated energy
consumption ( in case there is no access to energy bills).

Data organisation and analysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Data analysis
Study the building and its operational characteristics before start to write down your findings.
Identify potential savings according to the list of low-cost/no-cost, medium cost and highcost measures.
Identify potential modifications that can potentially reduce energy use or cost.
Identify the architectural relevance of each sustainability measure.
Perform an overall analysis of potential benefits with improvements.
Prepare a rank ordered list of appropriate modifications
Prepare a report to document the analysis, process and results.
List and rank potential capital improvements that meant further consideration.
Check if use change affects building efficiency. Any special case?
Calculate efficiency according to building type + business type
Plot energy performance in a map.
Scale up the findings according to the analytical matrix (e.g. building type vs. business type).
Review your findings according to the aims and objectives of this research.
Report findings to the participants who have manifested their willing to receive feedback.

Walk-through scheme
Planning

Data collection
Walk-through

Data organisation

Findings

Data interpretation
and analysis

Report to
participants

Survey
Interviews
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Sustainability and Energy
Performance Audit of
Smaller Shops and Offices
in Regional Centres
Wentworth Street, Port Kembla

Wentworth Street, Port Kembla

How good are your

retail

premises?
Could you save money on your
University of Wollongong/ Sustainable Buildings
Research Centre (SBRC)

For further information on this study or
to arrange for an audit of your premises
please contact Ana Villaca via email:
acvc600@uowmail.edu.au

The Illawarra Flame House, Innovation Campus

energy and water bills?
Which are the best

energy performers on your street?

STUDY BENEFITS & PURPOSE

WHAT WE WOULD LIKE YOU TO DO

and

The purpose of this study is to collect data

The study involves a researcher conducting a

efficiency has been growing for the last 30

from buildings used as shops and offices,

short audit of the sustainability and energy

years. However, previous research has paid

along Wentworth Street, Port Kembla. This

characteristics of your building. You will also be

little attention to smaller scale existing retail/

will help us generate rich and relevant

asked to complete a two-page questionnaire on

commercial buildings in regional centres. After

information

environmental

your opinions of and satisfaction with the

a successful pilot study of buildings along

performance of the building stock in

performance of your building. This visit should

Crown Street West in Wollongong, Wentworth

regional cities.

not take longer than 30 minutes.

Environmental performance includes not only

The researchers would also appreciate viewing

the consumption of energy and water but also

any available energy and water bills to assess

how comfortable the building is for the

the comparative performance of your premises.

occupants. Through this study in Port

The contents of these bills will remain

Kembla, we aim to improve our knowledge

confidential within the UOW research team.

INTRODUCTION
Awareness

of

building

performance

Street has been selected for the second phase of
a study being conducted by researchers at the
Sustainable Buildings Research Centre (SBRC)
at the University of Wollongong.
This study will inform the current Sustainable
Port Kembla project, funded by the Department
of Industry Port Kembla Community Investment
Fund. This project aims to greatly improve the
sustainability and liveability of the Port Kembla

about

the

of the performance of the smaller retail and
commercial building stock in regional cities,

Once the research is complete, you will receive

whilst also searching for better ways to

a brief summary of the audit findings which will

upgrade these buildings.

benchmark your building against the others in

precinct, and the first phase of the project is to

Your participation could have a significant

understand the current local context, and

and positive impact on the running costs for

identify

your

opportunities

refurbishment.

for

upgrading

and

business,

and

benefit

your

neighbourhood and also the wider business

Sketch Elevation—Wentworth Street—Port Kembla

the study. This report will help you to
understand the performance of your building
and how you might improve it in any future
upgrades or renovations.

Sustainability and Energy Performance Audit of Small Shops and Offices
in Regional Centres.
This questionnaire is seeking your opinions as an occupier in this building. You do not have to identify yourself, but
please give precise answers, so we can better establish the performance level of your building. Your information will
remain CONFIDENTIAL, your identity is only known by the research project team members. All data will be deidentified, so no real names of people, businesses or buildings will be published. Data collected in this study will not
be shared, as they will be used specifically for the purposes of research by the University of Wollongong team.
Thanks for your collaboration!

1 CHARACTERISATION
1.1 Address: ___________________________________

1.7 You are this building’s… ( ) Owner

1.2 Nature of business: ______________ ____________

1.8 How long have you been an occupant of this builing?

1.3 Number of employees : _____________________________________________________________________

(e.g. 6 months) _________________________

1.4 Number of customers/clients a day (approx.):

1.9 What type of lease do you have?

( ) 0-20

( ) long-term lease ( ) short-term lease

( ) 21-40

( ) 41-60

( )+60

1.5 Gender … ( ) female ( ) male ( ) prefer not to state

( ) sub-lease

( ) Tenant

( ) green lease ( ) Other _____________

1.6 How old are you? ( )18-35 ( )36-50 ( )51-65 ( )+65

2 PRIORITIES
2.1 When choosing a building in which to conduct your business please rate the importance of the following issues:

Floor area available
Maintenance costs
Location
Services reliability
Parking area nearby
Costs of rent
Visibility from street

Important

Somewhat important

Neutral

Somewhat unimportant

Not important

⃝
⃝
⃝
⃝
⃝
⃝
⃝

⃝
⃝
⃝
⃝
⃝
⃝
⃝

⃝
⃝
⃝
⃝
⃝
⃝
⃝

⃝
⃝
⃝
⃝
⃝
⃝
⃝

⃝
⃝
⃝
⃝
⃝
⃝
⃝

Somewhat unimportant
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝

Not important
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝
⃝

2.2 Rate the importance of these building facilities to the business:
Important
Somewhat important Neutral
Heating
⃝
⃝
⃝
Design of interior space
⃝
⃝
⃝
Electricity
⃝
⃝
⃝
Gas
⃝
⃝
⃝
Water
⃝
⃝
⃝
Hot water
⃝
⃝
⃝
Air conditioning system
⃝
⃝
⃝
Natural ventilation
⃝
⃝
⃝
Natural lighting quality
⃝
⃝
⃝
Artificial lighting quality
⃝
⃝
⃝

3 SATISFACTION
3.1 Is there any season when you feel especially uncomfortable inside the building? (Mark all that apply)
( ) summer ( ) spring ( ) winter ( ) autumn

( )No, I am comfortable in this building all year round.

3.2. When using your air conditioner, what is the most common temperature you set it to? ___________________
3.3. Is there anything to be improved in this building? If so, what? ________________________________________
__________________________________ _____________________________________________________________

4. WASTE
4 .1 The waste collection in your building is a….( ) private service ( ) public service.
4.2 How many bins are collected weekly? ____Which size? ( ) 80 l ( ) 160 l
HE16_116_Occupants Questionnaire_27_03_2017

( ) 240 l

( ) other_____________

4.3 What are the most common forms of waste that you dispose of? ______ _____________________ ___________
________________________ _____________________________ __________________________________________.
4.4 Do you carry out any treatment or waste prior collection by the service?
( ) Yes, ( ) separation ( ) compaction ( ) wrapping ( ) Other: ____________ ( ) No previous treatment is done.
3.8 How often is the garbage collected? ( ) weekly ( ) twice/week ( ) 3 times/week ( )working days ( ) Don’t know.
3.9 Where do you store the waste until collection? ______________________________________________________

5 UPGRADING
5.1 Please estimate the last time this building was refurbished or upgraded.
( ) 2006 to 2017 ( ) 1996 to 2005 ( ) 1995 or earlier ( ) Never upgraded before. ( ) I don’t know.
5.2 How much was spent on the upgrade of this building?
( ) less than $5,000
( ) $5,001 to 15,000
( ) $15,001 to $30,000
( ) more than $30,000
5.3 hat was included in the upgrade/refurbishment?
( ) split system/air conditioner ( ) insulation
( ) external shadings painting
( ) LED lighting
( ) windows
( ) internal shading devices
( ) solar panels ( ) solar hot water
( )other ____________________________
5.4 During the upgrade process these sources of information were very helpful:
Source
Building designer/
Architect
Engineer

Strongly agree

Agree

Neutral

Disagree

Not applicable

⃝

⃝

⃝

⃝

⃝

⃝

⃝

⃝

⃝

⃝

Contractor

⃝

⃝

⃝

⃝

⃝

Attendant at shop

⃝

⃝

⃝

⃝

⃝

City Council

⃝

⃝

⃝

⃝

⃝

Real Estate Agent

⃝

⃝

⃝

⃝

⃝

Internet/magazine

⃝

⃝

⃝

⃝

⃝

5.5 If you had the opportunity to upgrade just one thing now, what would this be?
( ) Change the light bulbs to LEDs
( ) Floor insulation
( ) Install awnings over windows or walls exposed to sun
( ) Roof /wall insulation
( ) Paint the facade
( ) Change your business layout
( ) Buy new equipment
( ) Solar hot water
( ) Improve air conditioning system
( ) Solar panels (electricity)
( ) Install internal shading devices
( ) Skylights
5.6 What do you think are the greatest barriers that prevent you from upgrading your building? (All that apply.)
( ) Upfront costs ( ) Lack of financing opportunities
( ) Disruption to business
( ) Disruption to occupants
( ) Lack of time to plan ( ) Lack of incentives from the Council, etc. ( ) Return on investment is not sufficient.
( ) Lack of qualified professionals to assist during upgrades
( ) Lack of appropriate building materials
( ) Lack of a reliable source of information about the benefits ( ) Lack of technical knowledge about saving devices
( ) The owner is unwilling to upgrade (Applies only if you are a tenant.)
( ) Other risks:_____________________
5.7 If you are a tenant, would you pay a higher rent for an upgraded building?
( ) If yes, go to 4.8. ( ) If no , go to 4.9.
5.8 If YES, how much more do you think it would be fair to pay for the benefits of a significantly upgraded building?
( ) from 1% to 5% ( ) from 6% to 10% ( ) from 11% to 15% ( ) from 15% to 20% ( )more than 20%
5.9 If No, would you rather just move to another building instead? ( )Yes ( ) No Brief reason for your answer:

THANK YOU !
Your assistance is greatly appreciated!
Just one more question before you go. Would you be willing to be contacted by the research team in the future?
( ) Yes, please use the following email / phone number: _ ______________
( ) No, thanks.
HE_16_116_Occupants Questionnaire_27_03_2017

PARTICIPANT INFORMATION SHEET

Sustainability and Energy Performance Audit of Small Shops and Offices
in Regional Centres
PURPOSE OF THE RESEARCH
Awareness of building performance and efficiency of building assets has been growing for the
last 30 years. However, scientific research on building performance gives little attention to
smaller scale existing retail/commercial buildings in regional centres. This study aims to close this
gap by improving our knowledge of the performance of the smaller retail and commercial
building stock in regional cities, whilst also searching for better ways to upgrade these buildings.
You have been selected to participate in a pilot study conducted by researchers at the Sustainable
Buildings Research Centre (SBRC) at the University of Wollongong. The purpose of this study is to
collect data from small shops and offices in regional centres to generate relevant information
about the environmental performance of the building stock in regional cities.
If you agree to collaborate in this study, researchers from the SBRC will ask you to: i) give
permission to conduct a walk-through sustainability and energy audit in your building; ii) take deidentified photos from the energy and water bills of your building, and iii) answer a two-page
questionnaire regarding your opinion and satisfaction on the performance of the building. As a
recognition of your collaboration, a summary of the findings on your building performance
comparing it to the other buildings in this study, will be offered to you. This report will help you
to understand the performance of your building and to decide about future upgrades. Your
decision to participate could potentially have a significant positive impact on your business, your
neighbourhood and also in the wider business community.
RESEARCHERS
Prof. Paul Cooper
Sustainable Buildings
Research Centre (SBRC)
02 4221 3355
pcooper@uow.edu.au

Mrs Ana Villaça, MSc
Sustainable Buildings
Research Centre (SBRC)
0432 914 668
acvc600@uowmail.edu.au

Dr. Emma Heffernan
Sustainable Buildings
Research Centre (SBRC)
02 4221 8111
eheffern@uow.edu.au

Prof. Tim McCarthy
Sustainable Buildings
Research Centre (SBRC)
02 4221 3355
timmc@uow.edu.au

METHODS AND DEMANDS ON PARTICIPANTS
If you decided to collaborate in this project, your consent will be asked to allow the inspection of
your building via a 30 to 50-minute walk-through audit. You may wish to accompany the
researchers, although this entirely up to you. The building will be evaluated and some relevant
measurements, notes and photos may be taken for the performance analysis. You will be asked
to fill a two-page questionnaire regarding your opinions and practices on how you use the
building, which should take about 15 to 20 minutes. This questionnaire will be given to you when
HE16_116_Participant Information Sheet_27_03_2017
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the visit starts and will be collected at the end of the visit. Data from this study is confidential (only
authorised SBRC researchers have access to the data about people and buildings in this study) and
will be used only for the purposes of this study. Although it will not be shared, it will be de-identified
when published in academic journals and in the final thesis report (i.e. no real names will be
disclosed).
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS
Apart from the time that you will spend during the visit (audit and questionnaire), there are no
foreseen risks for you or your business. All data that may identify a person or a building will be
de-identified, so that your privacy is guaranteed. Your participation is totally voluntary and you
may withdraw your participation, or any data provided by you, from the study at any time. If you
decide not to collaborate in the study, this will not affect your relationship with the University of
Wollongong or with the research team. All data collected in this study will be securely stored
according to the archiving policy of the University of Wollongong.

ETHICS REVIEW AND COMPLAINTS
This study has been reviewed by the Social Sciences Human Research Ethics Committee of the
University of Wollongong. If you have any concerns or complaints regarding the way this research
has been conducted, you can contact the UOW Ethics Officer on (02) 4221 3386 or email rsoethics@uow.edu.au.
Your interest in collaborating with this research is greatly appreciated. Thank you!
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CONSENT TO PARTICIPATE
Sustainability and Energy Performance Audit of Small Shops and Offices in Regional Centres
Mrs. Ana Villaca, Prof Paul Cooper, and Dr. Emma Heffernan Prof Tim McCarthy
Sustainable Buildings Research Centre (SBRC)
You have been asked to participate in a Ph.D. research study conducted by Ph.D. candidate Ana
Villaça from the Sustainable Buildings Research Centre (SBRC) at the University of Wollongong. The
purpose of the study is:
a) to collect data from smaller retail/commercial buildings on their use and energy/sustainability
performance;
b) to achieve a better understanding of the attitudes and practices of occupants of these buildings
through a questionnaire (post-occupant survey);
c) to characterise the environmental performance of existing small shops and offices in regional
centres;
You were selected as a potential participant in this study since you are an occupant of a small
retail/commercial building. Please read the information below, and ask about anything that you do
not understand, before deciding whether or not to participate.
• The audit should take about 30-50 minutes and is voluntary.
• Your identity will be kept confidential.
• Data collected will remain confidential and all names (people, business and buildings) will be
de-identified in any subsequent publications (e.g. academic journals and Ph.D. thesis).
• The audit may be recorded (audio and photographs) for future reference and analysis during
this study. If you do not grant permission this will not be done. You have the right to revoke
permission from audits and/or survey at any time.
I have been given information about the project ‘Sustainability and Energy Performance Audit of
Small Shops and Offices in Regional Centres’ and have discussed the study project with Ana Villaca
who is conducting this study as part of her PhD research, supervised by Prof Paul Cooper in the
Sustainable Buildings Research Centre (SBRC) at the University of Wollongong.
I have been advised of the potential risks and burdens associated with this research, which include
the time I will spend filling the questionnaire and the privacy regarding the data and images from the
building taken during the walk-through audit. It was explained that all data and images will be deidentified before being potentially published in academic journals or in the final thesis report, and I
have had an opportunity to ask Ana Villaca any questions I may have about the research and my
participation.
I understand that my participation in this research is voluntary and I am free to withdraw from the
research at any time. My withdrawal from participation will not impact my relationship with the
University of Wollongong. I understand the procedures described above. My questions have been
answered to my satisfaction, and I agree to participate in this study. I have been given a copy of this
form.
If I have any enquiries about the research, I can contact Ana Cristina Villaca Coelho (0432914668
acvc600@uowmail.edu.a) or Prof Paul Cooper (02 4221 3355 pcooper@uow.edu.au ) or if I have any
concerns or complaints regarding the way the research is, or has been conducted, I can contact the

HE16/116Consent to Participate_24_03_2017

Page 1 of 2

Ethics Officer, Human Research Ethics Committee, Office of Research, University of Wollongong on
4221 3386 or email rso-ethics@uow.edu.au.
(Please check all that apply)
I give permission for the researcher to conduct the audits in the building.
I give permission for the following information to be included in publications resulting from this
study:
data from the survey

...............................................
Signed

images of the building

...../....../.......
Date

.......................................................................
Name (please print)

Please contact Ana Villaça (0432914668, acvc600@uowmail.edu.au) or Paul Cooper (02 4221 3355;
pcooper@uow.edu.au) with any questions or concerns. If you have any concerns or complaints
regarding the way the research is, or has been conducted, you can contact the Ethics Officer, Human
Research Ethics Committee, Office of Research, University of Wollongong on 4221 3386 or email rsoethics@uow.edu.au.
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Appendix C

- Examples of zoomed maps and satellite images used to data collection
-

and triangulation
Building audit tool
Inventory of electrical appliances
Table with sustainability measures and potential benefits
Example of the letter with recommendations
Image of the electronic survey (screen) of the feedback from participants

Example of a precinct level satellite view. Wentworth Street, Port Kembla. Source: https://maps.six.nsw.gov.au/

Example of a building level satellite view. Wentworth Street, Port Kembla. Source: https://maps.six.nsw.gov.au/

WALK-THROUGH AUDIT TOOL
Researcher Ana Villaca
Accompanied by
Date
Building ID #
Address
Company
Responsible for the building
Phone
E-mail
Responsible for the business
Phone
E-mail
Business
Final use ☐office ☐ food ☐ shop ☐short perm. service ☐ long perm. service Building geometry (Perspective/Photo):
Staff:
Consumers:
Working hours:
0

6

12

18

24

Mon
Tue
Wed
Thu
Fri
Sat
Sun

Site
Site and surroundings characteristics (relevant landmarks, street particularities or other)
Describe streetscape

Overview on construction techniques and materials

Distance from surrounding buildings including across street

Building
Storeys:
Area:
Age (estimate):
Fuel available: ☐ gas ☐ electricity ☐ solar ☐ wind
In use:
Energy bills disclosed? ☐ yes ☐ no
Photographs permitted? ☐yes ☐no
Façade: Orientation
Colour code
height
Roofing shape (perspective/photo)(double pitch, single
Roofing structure materials:
pitch, flat, other)
Orientation of pitch facing:
Roofing colour:
Insulation ☐yes ☐no
What type?
Gap between roof and slab? Dimensions
Comments on the slab/flooring:

External walls
Number of : exposed and shared walls

Material
Width
Colour

U-value:

Fenestration (draft/photo)
Internal walls
Load bearing walls

Non-loadbearing walls

Windows
Number of windows per face:
Type of windows: ☐louvre ☐double hung (sash) ☐horizontal sliding ☐bi-fold casement ☐awning window
☐other
Any controls? ☐yes ☐no ☐manual ☐automatic ☐other
Notes:
Frame material: ☐steel☐aluminium ☐timber ☐UPVC ☐other
Type of glass: ☐ single glazed ☐double glazed ☐tinted ☐reflective ☐ low emissivity
Lighting
Floor/ Area
Space
m2
Operation
Systems
Controls
Sensors
breakdown
use
hours

Lighting Power Density (LPD):

HVAC
Technology:
Breakdown a reas:
Water
Bathroom: Number of showers
W.C.
water taps (incl.kitchen)
Water saving gadgets? ☐double flush valve ☐taps ☐shower ☐other__________
Is there any treatment to sewage before final disposal? ☐yes ☐no
If yes,which?
Allow access to water bill? ☐ yes ☐ no
Water appliances inventory:
Waste
Number and size of bins:
Is there any treatment to waste before final disposal? ☐yes ☐no If yes,which?
What kind of waste collection? ☐private ☐ public
How often?
Condition survey

Plug loads

Floor depth

Inventory of electrical appliances
Premises

Electrical devices inventory

RE-01

Vacuum cleaner, driller, micro driller, grinder, angle grits, scale, radiant heater, lightned
displayers (9), fridge, microwave oven, internal neon signage,

RE-02

Hair dryer, TV, portable fan, radio, mobile charger, drill, fridge,

RE-03

Printer, computer, microwave oven, kwttle, coffee machine, displyer (15x 5W), laptop (2) label
printer, computer, EFTPOS, telephone,instant hot water, fridge (2)

RE-04

Fridge, microwave oven, heaters (2)

RE-05

Horizontal freezer, vertical fridge (2), ATM, water boiler, toaster, microwave oven, portable fans
(2), heater (2), comuter (4),

RE-06

Fridge (2), microwave oven, printer, computer, telephone

RE-07

Computer (2), printeelephone, cachier, TV 32” (2), TV 55”, vacuum cleaner, displayer 400 W.

RE-08

Fridge, s-mall fridgebar, microwave oven, kettle, vacuum cleaner, fan, illuminated signage
(internal), TV, portable heater, computer (2), freezer

OF-01

Bender, coffee machine, frigobar, ketlte, notebook, CPU computer, desk lamp, portabbel
heater, printer, scanner, portable fan.

OF-02

Computer (10), printer (2), fridge, freezer, microwave oven, portable fan (5), commercial kettle,
coffee machine,

OF-03

Computer (5), printer (1),

OF-04

Kettle, microwave oven, toaster,

OF-05

Electric oven, water boiler, scanner, photocpier, kettle, coffe machine, bar fridge, portable
heater, vacuum cleaner (3), computer (3), telephon (3), fax(3)

OF-06

Computer (8), printer (5), portable fan (3),

HB-01

Computer, telephone, TV, fridge, portable quartz indoor heater, hot was device, hair dryer,

HB-02

Portable lamp, portable quartz indoor heater (3),

HB-03

Computer, printer, washmashine, fridge, microwave oven, portable therapeutic lamp,

HB-04

Tan sprayer (2), portable fan (2), hot wax devices (3), portable indoor quartz heater, gas heater

HB-05

Microwave oven, cashier ( no use) fridge, hot wax device, hair dryer (3)

HB-06

Portable fan (2) blow dryer, vacuum cleaner, chipper

HB-07

Fridge, kettle, coffee machine, blender, microwave onven, hair dryer, water boiller, TV,
washmachine

HB-08

Hair strainer, curly iron, infra-red lamps, portable fan, tan compressor, portable indoor quartz
heater,

Inventory of electrical appliances
Premises

Electrical devices inventory

FO-01

Hot plate, freezers (2), fridge (4, but one is broken and not in use), stove exhaustion, shall hot
plate, m”cr“wave”oven, electric oven, abatjour (3), coffe machine, hot food displayer.

FO-02

Computer, shereder, copier, printer, telephone, microwave oven (2), water boiler, horizontal
freezer,

FO-03

Coffee machine, grinder,heated displayer, freezer,cd player, toaster, horizontal fridge, cold
displayer, vertical fridge (2) stove exhaustor, electric oven, water boiler, portable fan,
dishwashe, food processor, mocrowave oven, computerr

FO-04

Dishwasher,stove exhaustion, computer , printer, computer server, refrigerated displyer, vertical
freezer, fridge, horizontal freezer, portable fan, hot plate, toaster, bender, sandwich press,
coffee machine.

FO-05

CCTV, cashier, microwave oven, telephone, exhaustion, fryers (3), hot plate, drinking machine,
coffe machine, fridge, ATM, horizontal freezer (3), potrtable fan, vertical grill (2), mixer, sound
system, printer, computer, vertical freezer (2), walk-in frigorific camera, water boiler, machine to
peel, slice and cut vegetables (3), grinder, small pizza oven, large pizza oven (2)

FO-06

CCTV, Coffee machine, cashier, fridge, TV, hot plate, horizontal freezer,walk-in frigorific camera
(two, but one is not in use), indutrial mixer (3), microwave oven, portable fan, electric oven,
fryer,

FO-07

Large vertical commercial fridge (3 doors), double door frezers (2), coffee roast machine.
Cooffee machine, , large portable fan, grinder (2), cashier,

SE-01

Belt sender, band sender, circular saw, grinder, mobile belt sender, driller (2), nail gun, air
compressor, vacuum cleaner,

SE-02

Portable fans (2), industrial cloth iron, coffee machine, kettle, microwave oven, vacuum cleaner,
freezer, ironing maschine, wash machine (2), cold water drinker,

SE-03

*partially audited. Coffee machine (2), printer,computer (2), scale, calculator, heater

SE-04

Lamp, fan, freezer,

SE-05

Portable fan, radio, microwave oven, electric oven, fridge, amplifier stereo,

SE-06

Fridge (2), washmachine, dishwasher, heater, coffee machine, computer (2), recorder, sound
equipment.

Optimise installed systems such as the air conditioner.

Seal glazed areas to improve airtightness.

Protection against solar radiation can improve comfort levels during the summer,
reduce cooling loads, save energy and reduce operational costs.

Install external awning or enlarge an existing awning, especially on glazed areas

Isolate appliances that generate heat from conditioned cooling areas.

Passively heat the building during winter.

Allow solar radiation to hit glazed areas to increasing internal temperature in winter.

Optimisation of cooling loads. Reduce energy consumption.

Service systems

Reduce thermal loads and can optimise the use of the air conditioner.

Insulate any non-rendered wall exposed to solar radiation in summer.

Seal building envelope including chimneys, adjustments to the doors, and fixing of
Improve airtightness can optimise the use of the air conditioner.
any broken glass in the windows;

Improve thermal comfort, which might reduce the demand for cooling and heating,
which reduces the costs of energy bills.

Envelope

The control of (natural) cross ventilation through the premises.

Insulate the ceiling.

Keep windows and doors openable.

Install new double glazed windows or secondary glazing.

Reduce cooling loads and eventual excessive noise from the street.

Passively increase the internal temperature in winter.

Allow solar radiation to hit shop windows directly. Combine with a controllable
external awning, as solar radiation might not be desirable in summer.

Install internal blinds.

Improve thermal performance, increasing electricity savings, and reduce
operational costs.

Façade

Potential benefits

Adopt low emissivity materials in windows framing and glazing.

Sustainability measure

More efficient lamps can save energy.
Reduce unnecessary heat and energy consumption generated by lamps.
Allow optimisation of artificial lighting use.
Facilitate the use and control of artificial lighting.
An over-dimensioned lighting system might generate unnecessary internal heat,
which demands more energy to keep comfort levels during the summer.

Upgrade the lighting system to LED or compact fluorescent.

Use decorative lighting with parsimony

Use lighting controls to separated circuits per area according to business needs

Relocate lighting points according to the final uses such as task and general light.

Redesign the lighting system.

Keep the sound quality of the internal air and the good performance of the machines.

Keep a regular programmed maintenance schedule of the air conditioning system.

Optimise the control of the thermal comfort, improve the performance of the air
Install a physical separation or a partition between different thermal zones such as
conditioner system, reduce the energy demand for cooling, resulting in increased
the working and the storage areas.
energy savings;

Keep permanent cross ventilation combined with air exhaustion when working on
Keep sound air quality and temperature.
areas with unavoidable high temperatures or working with paints and chemicals.

Facilitate the control of thermal comfort inside the premises.

Air conditioner

Keep optimised water and energy consumption.

Rearrange the distribution of the large types of equipment.

Keep regular programmed maintenance of systems.

Optimise the use of natural lighting provided by windows and sensors to control the Increased comfort to carry out tasks, reduction of energy consumption, and
need for artificial lighting;
operational costs.

Improve the performance of the air conditioning system.

Potential benefits

Use mechanical exhaustion to extract hot air in enclosed areas.

Turn off electrical devices when not in use.

Keep the use of electrical appliances to the minimum necessary.

Sustainability measure

Improve comfort levels in winter. Reduce the noise from the street.
Lay-out optimisation.
Avoid unnecessary heat generation. Optimise air conditioner performance.
Reduce thermal loads and energy consumption
Reduce the need for storage space, document shredding and expenses with waste
removal. Reduce the volume of waste disposed of in landfills.
Optimise the control of thermal comfort in the working area.
Facilitate the control of thermal comfort inside the premises
Reduce operational costs.
Optimise the separation of thermal zones, which might increase thermal comfort.

Remove out of use outdated freezers, fridges and frigorific camera.

Keep the electrical devices to a minimum necessary.

Keep electrical devices turned off until they need to be used.

Implement virtual or digital storage of documents.

Install partition separating the working and the storage areas.

Rearrange the distribution of electrical appliances.

Replace electrical devices by gas devices if possible.

Install real doors in place instead of using curtains as a door.

Occupants behaviour and business needs

Keep the front door closed

Install aerators in all taps and showers.

Reduce water consumption.

Reduce energy consumption related to hot water.

Install a solar hot water system.

Install dual flush toilets and water-saving taps.

Minimisation of heat transfer to the attendance room.

Water appliances

Potential benefits

Insulate hot water piping.

Sustainability measure

Upgrading Regional Commercial and Retail Buildings and Precincts.
PhD Candidate: Ana Villaça

Supervisors: Dr. Emma Heffernan and Prof. Tim McCarthy

Statement of Building Performance
of the premises located at X Wentworth Street, Port Kembla, Wollongong.
Thank you for taking part in this study. This is the statement of performance of the building
you occupy.

Objective of the assessment
The purpose of this study was to collect data from commercial and retail buildings in
Wentworth Street. This data can help generate rich and relevant knowledge about the
environmental performance of the building stock in regional centres. The focus is not only on
the consumption of energy and water but also the comfort of the occupants and user
satisfaction with the building. As a result of this study, we aim to develop a benchmark for
small commercial and retail buildings in regional centres. This benchmark will reflect the
characteristics and needs of this sector and will support future decisions relating to the
improvement of performance.

Building assessment and data analysis
The assessment consisted of:
i)
a walkthrough audit of the internal and external parts of the building, the
installed systems, and devices;
ii)
a questionnaire survey completed by the occupant;
iii)
the analysis of recent utility bills (energy and water) if available.
Each building was individually analysed according to the following aspects:
- Envelope; Installed systems; and Occupants’ needs.
After all participant buildings in the study area were analysed, benchmarks or baselines were
calculated for electricity, gas, water, and waste generation. These benchmarks were attributed
according to the five business classes suggested in this study: retail, offices, health and
beauty, food and services. The benchmark and/or baseline informed in this report related to
the business class your building was allocated.

Brief description of the building and the current business
This premises occupies approximately 45 m2 on the ground floor of a two-storey mixed-use
building. There are well defined four zones of activities in this premises, which is good to
optimise efficiencies. The main sales room serves as a show room for the products along with
a bench to on-time repairs. In this study, your activity is classified as retail business as it sells
sports equipment/gears and provides repairs.

Benchmark and baseline for the retail business class
The electricity benchmark for the retail business class was established with 5 reference
buildings, and for this precinct is 13kWh/ m2/quarter.
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The water baseline consumption for the retail business class was established with one water
bill, and for this precinct it is 14 litres/ m2/quarter.
A benchmark for gas could not be established as there was no gas bill provided for this
business class.
There is a prevalence of cardboard and paper as waste in the retail business class. This kind
of waste can be separated and recycled to generate resources.

Suggested areas for potential improvements
- You have expressed that you feel uncomfortable during the winter. This is aligned with the
electricity bill you provided, which has a peak consumption in August 2016 that is the double
of the other months. It is likely that this excess consumption was used to provide comfort
during this period. One way to increase the heat gain in your premises is by removing, or
even reducing the height, of the partition in the shopwindow. This would facilitate the heated
air to circulate in the premises. However, it would be desired that this partition return to the
original position during the summer, once there is no external awning on the street façade.
- The artificial lighting system provides a diffuse light adequate to the activities. Changing it for
a more efficient system such as compact fluorescent or LED would result in electricity savings.
- The window at the rear façade might be open to provide cross ventilation during the summer.
Combined with an external awning would improve the comfort levels.
- Waste cardboard and paper are recyclable materials. There are industries that buy them as
raw material. Therefore, this type of waste can potentially generate resources. Moreover, if
sold, the need for frequent waste collection will be reduced, which also reduce the
expenditures.
Further information will be available when the thesis is published on the UOW website. Should
you have any question, please contact Ana Villaça (acvc600@uowmail.edu.au)
Thank you for your support and engagement.
Wollongong, September 2018.
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Feedback on sustainability recommendations.
Survey Flow
Block: Default Question Block (9 Questions)
Q1 Dear Participant,
We are writing to you because in 2017 you kindly participated in the project: “Sustainability and
energy performance audits of small shops and offices in regional centres”. In September 2018,
we sent you some recommendations for low-cost and no-cost sustainability measures to be
implemented in your building. These measures could potentially improve energy efficiency,
thermal comfort and the overall sustainability of the building you occupy and bring a range of
benefits including improvement of the environment and reduction of the operational expenses of
your business. The recommendations suggested were chosen specifically for your building and
have already been implemented with success in other similar buildings in and outside Australia.
We have re-attached these recommendations for your reference.
Now, we would like to know the use you have made of the feedback you received. It will take
you around two minutes to answer the following questions. This survey will be active for the next
10 days and we would be very grateful if you could complete it at your soonest convenience.
Many thanks
Ana Villaça and the Research Team at the University of Wollongong
Q2 Please write the street number of your building
________________________________________________________________
Q3 Have you implemented any of the recommendations we provided to you?

o Yes (1)
o No (2)
Display This Question:
If Q3 = 1

Q4 Please list the recommendations you have implemented:
________________________________________________________________
Display This Question:
If Q3 = 2
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Q5 Please choose the option or options that best match the reasons you have not implemented
any of the recommendations (you may choose more than one reason):

▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢

Lack of financing opportunities (1)
Lack of a reliable sources of information about the benefits (2)
Disruption to occupants (3)
Lack of incentives from the Council (4)
Upfront costs (5)
Return on investment not sufficient (6)
Lack of appropriate building materials (7)
Lack of qualified professionals to assist during the upgrade (8)
Lack of time to plan (9)
Lack of technical knowledge about energy saving measures (10)
Disruption to business (11)
I am a tenant and the owner is unwilling to upgrade (12)
Other (13) ________________________________________________
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Q6 How did the feedback provided by this study influence your decision?

o No influence (1)
o A slight influence (2)
o A good influence (3)
o A very good influence (4)
Q7 Do you intend, in the near future, to upgrade your building?

o Yes (1)
o No (2)
Display This Question:
If Q7 = 1

Q8 Which part of the building do you intend to upgrade?

▢
▢
▢
▢
▢
▢

roof (1)
façade (2)
windows (3)
lighting (4)
ventilation (5)
air conditioning (6)

Q9 In your opinion, how could the feedback and recommendations provided to you have been
more useful?
________________________________________________________________
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